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PREFACE 


Most scientific books represent at best an approximation of an ideal. Especially is this 
true of the “Encyclopedia of Chemistry” — the first attempt to combine the contributions 
of hundreds of authorities into a single integrated volume covering the enormous and hetero- 
geneous field of chemistry. The ideal we have sought to achieve is a reference book par ex- 
cellence, in which the vast range of subject matter is correctly weighted, usefully organized, 
and concisely presented by experts in such a way as to be at the same time scrupulously 
accurate and highly informative to anyone having a bowing acquaintance with chemistry. 
There are some who have said that this ideal is impractical — indeed that to compile such 
an encyclopedia is an impossible task. To what extent we have succeeded will not be deter- 
mined by either the editors, the contributors, or the publishers, but by those whom the 
book is intended to serve — the multitude of chemists, physicists, engineers, biologists, re- 
search workers, teachers and students who comprise the scientific population of the world. 

To capture between the covers of a single volume the sweeping scope and essence of any 
subject matter as complex and diversified as chemistry is a challenging task of the first 
magnittftV* Now more than ever, analytical, inorganic, organic, physical, biological, en- 
gineering, electronic, metallurgical, colloid, and other branches of chemistry, because of 
sheer size and specialization, seem to go their separate ways in techniques, training methods, 
and literature, almost as though they were entirely different sciences. The student trying to 
prepare himself as a chemist in the broadest sense becomes increasingly confused and dis- 
couraged in attempting to move in so many directions without an integrating and unifying 
aid to guide him. 

Perhaps, then, it is the primary function of a modern Encyclopedia of Chemistry, es- 
pecially a single-volume one, to introduce a factor of convergence instead of divergence; 
focal condensation instead of scattering; unity instead of multiplicity; a centripetal instead 
of centrifugal process — in a word, chemistry instead of a multitude of qualifying terms. It 
has taken courage and faith to believe that this could be done and humbly to undertake the 
task of creating a reference work for which there has been, is, and will be such an obvious 
need on the part of chemists, scientists in general, teachers, librarians, and intelligent and 
inquiring laymen. 

Such an Encyclopedia, if it is to accomplish its mission, cannot be merely a dusty com- 
pilation of definitions and data. Despite its necessary brevity of treatment, it must some- 
how communicate, in an irreducible minimum of words, the living, ever-changing habili- 
ments of one of the greatest areas of organized knowledge. An Encyclopedia prepared by 
skilled authorities in so many fields can lie not only informative but interesting and inspiring 
in both direct and intangible ways. It can have simultaneously the qualities of timeliness — 
a true and up-to-date representation 01 the chemistry of 1956 — and time/mness, by which 
is meant a preparation so sound in terms of fundamentals that there will be no feeling of ob- 
solescence when these articles are read in later years. Expansion, changes, new discoveries, 
corrections of errors and misconceptions there will inevitably be; but these should con- 
stitute merely superstructures on an established and enduring foundation. 

These are some of the ideas and ideals upon which the planning, preparation and publica- 
tion of this Encyclopedia have been founded. The old dream of Francis M. Turner has at 
last come to fruition. 

Coordinated with the unifying and condensing concept is the fact that this is the com- 
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bined contribution of one of the most capable teams of chemists and allied scientists ever 
assembled to produce a single volume great in number (over 500) and distinguished in 
reputation. The editors might well write a book on their experiences — almost all of them 
wonderfully pleasant and gratifying — in dealing with this select group. These authors be- 
lieved from the beginning in the urgent need for a single-volume Encyclopedia of Chemistry; 
and the busier they were with other responsibilities, seemingly the greater was their interest 
and willingness to give generously of their knowledge, effort and time with no monetary 
compensation in order that this undertaking might succeed. Such selfless actions underlie 
true progress on all fronts of human endeavor. 

Many of those who accepted the invitation to contribute felt that we were unreasonable 
in expecting them to discuss a complicated topic in the small amount of space available; 
yet there were few eases which required drastic shortening. Most, of the articles are near 
miracles of condensation ; and the book is so arranged that, by making use of the cross- 
references amply provided both within and at the end of the articles, the reader will be able 
to obtain a quite extensive coverage of any given subject. Inevitably there are omissions 
and deficiencies; but within the limitations of time set upon preparation so that all articles 
would remain fresh and most useful, the editors have striven mightily to reduce overlapping 
of subject- matter and other defects to a minimum. 

The topics selected for inclusion deal primarily with chemistry proper. However, ‘‘chem- 
istry” means many things to many people. Realizing this, the editors have chosen to in- 
terpret the term quite broadly, and have included a number of subjects which, though not 
strictly chemical, either relate closely to the chemistry of materials and processes, or can be 
treated from a chemical point of view, e.g., Automatic Process Control, Annealing, Abrasion 
Resistance, Electron Tubes, and Instrumentation. Similarly, chemical engineering has Ijeou 
given appropriate attention; the more important unit operations and the basic theoretical 
considerations are presented under appropriate headings. Borderline subjects such as Air 
Pollution, Chemical Economics, Plant Location, and Market Research have also been in- 
cluded to round out the picture. 

Besides these there are a number of articles which summarize 1 the scope of other sciences 
which comprise a sort of “exurbia” of chemistry, such as Potent iometry, Meteorology, 
Metallurgy, and Bacteriology. These have been described as far as possible from the view- 
point of the chemist, and have been included to help integrate the entire concept of chem- 
istry as it exists in the universe 1 , as opposed to the laboratory, the classroom or the plant. 
Doubtless may others could justifiably have been added, but here too space limitations were 
a restraining influence. The same* holds true of the brief biographies of outstanding figures 
in past chemical achievement, and of the information presented on research institutions. It 
is hoped that these will servo a useful purpose and that no glaring omissions have occurred. 

Especially warm appreciation must bo expressed to Mrs. Jean Pingrv and her successor, 
Mrs. Margaret Kuo, secretaries at the University of Illinois, for their enthusiastic and 
faithful management of the very extensive files and correspondence involved in this project. 
Thanks are also extended to Mrs. Marilyn Nazimowitz for effective record-keeping and 
proof -checking in the office of the publisher. The editor-in-chief ii deeply grateful to his 
colleagues at the University of Illinois, former students, friends andfellow chemists all over 
the country for their abiding interest and wise suggestions in helping to create something 
which might serve as a true panorama of all of chemistry. And without the continuing faith, 
encouragement and help of his wife through 37 years of literary and scientific effort his 
part in this project would have been far more difficult and less regarding. 


G. L. Clark 
G. G. Hawley 
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ABRASION RESISTANCE 

Abrasion resistance denotes the ability of a 
material to resist wearing of the surface when it is 
rubbed across the surface of another material. It is 
not a definitive property. Instead, it is used in a 
relative sense to rate* or rank materials in their 
order of resistance to frictional wear. The term 
may be applied to all materials, e.g., metals, min- 
eral products, and organic and fibrous materials, 
t hat wear away primarily by loss of matter at the 
surface through a frictional process. In particular, 
it is extensively used in rubber technology for com- 
paring the wear characteristics of rubber com- 
pounds. 

Abrasion resistance cannot be expressed 
uniquely in terms of the other properties of a 
material Hardness is related to some extent to 
abrasion resist mice: diamond is the hardest of 
materials and has the greatest abrasion resistance; 
also, the abrasion resistance of steel is increased 
when it is hardened. On the other hand, hardness 
is not the only factor governing abrasion resist- 
ance. and it is not the most important one in 
^electing a material for a particular service For 
example, .steel is much harder than rubber but has 
a much lower abrasion resistance in many applica- 
tions. 

Similarly, abrasion resistance is related to co- 
efficient of friction only in a broad sense*. When the 
coefficient of friction is very low’, wear is very slow’; 
but when it is high, wear is not necessarily rapid. 
To illustrate, rubber has a higher coefficient of 
friction than steel against most surfaces, but a 
lower abrasion resistance under many conditions. 

An understanding of abrasion resistance is 
possible only from a knowledge of the meehuniMii 
of abrasion. There are at least two mechunisnis 
involved: (1) the erosion meehanistn, or the me- 
chanical or physical removal of the surface layer 
of a material bv ehipping, tearing, shearing, break- 
ing, or other physical process; (2) a chemical 
mechanism in which the surface layer is degraded 
by corrosion or pyrolysis prior to the removal of 
material bv mechanical or other means. Oxygen 
is the corrosive agent under most condition* but 
other chemicals are responsible for the corrosive 
action in some instances. Hoth mechanisms are 
greatly influenced by the temperature of the sur- 
face layer, which dc|>ciids on the frictional force, 
rate and amount of slip, and thermal conductivity 
of the material. The large amount of frictional 
heat produced during abrasion may raise the 
temperature of the molecular layer on a surface to 
such an extent that visible radiation is emitted. 
At elevated temperatures, the mechanical prop- 
erties of the material become weaker which makes 
erosion of the surface easier, and chemical degra- 
dation becomes more rapid and extensive. Abra- 


sion resistance usually decreases with increase in 
temperature. However, it is interesting to note 
that some synthetic rubber tire treads improve in 
abrasion resistance with an increase in ambient 
outdoor temperature; the reason for this behavior 
is obscure. 

One or the other of the mechanisms may pre- 
dominate, depending on the conditions. When 
abrasion is extremely rapid, tho erosion mecha- 
nism is generally predominant, particularly if a 
large temperature rise is not involved. This condi- 
tion exists in wet grinding and probably in the 
wear of tires in rock quarries and on some gravel 
roads. On the other hand, chemical degradation 
tends to predominate under conditions of very 
slow abrasion, e.g., wear of lubricated beurings 
and wear of tires at ordinary speeds on smooth 
paved roads. This dual mechanism for the abrasion 
process probably accounts for the observed rever- 
sal in abrasion resistance of two materials under 
different conditions. 

The high abrasion resistance of rubber is unique 
for a materiul having a low hardness and a high 
coefficient of friction. The high extensibility and 
elastic recovery of rubber arc probably responsible 
for this quality. In the ease of sand-blast hose, the 
abrasion resistance is determined mainly by the 
elastic properties of the rubber compound. IIow'- 
ever, in the case of tires, the elastic properties are 
insufficient to explain the abrasion resistance of 
the treads. Under many service conditions, resist- 
ance to chemical degradation apparently is of 
equal of greater importance. The molecular struc- 
ture of the rubber molecule, carbon blacks or other 
rcin r orcing agents, antioxidants, and vulcanizing 
agents have effects on abrasion resistance of tread 
compounds independent of, or in addition to their 
effects on the mechanical properties. 

The average life of passenger car tires in the 
United States is estimated to be around 3(J.(XX) 
miles. At this rate of wear, there is a loss of 1 
grain of tread rubber over an area of about 2 X 10 7 
square centimeters of roadway, equivalent to an 
average thickness of about 5 Angstrom units. 
Tread wear tests using radioactive rubber com- 
pounds indicate that the tread is worn off suf- 
ficiently evenly to reveal a continuous tread 
pattern on the roadway at rates of wear corres 
ponding to an average thickness of about 2 Ang- 
strom units. This pattern is possible only if the 
rubber is abraded in molecular layers and the 
largest discrete particles correspond to the indi- 
vidual particles of black or other fillers. 

In a process w’here .successive molecular layers 
are exposed, oxidation must be an important fac- 
tor, particularly at the high surface temperatures 
produced by friction. At high rates of slip on a 
relatively smooth, dry pavement, the surface 
temperature becomes high enough to pyrolyze the 
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rubber, and the pyrolytic products are smeared on 
the roadway. This abrasion is very rapid even 
though chemical degradation is the predominant 
mechanism. 

The determination of abrasion resistance has 
not been satisfactorily solved. Thus far, labora- 
tory tests have not been able to replace tests under 
service conditions. Nevertheless, laboratory abra- 
sion tests are extensively used; more than 20 
different testers have been developed and are in 
use for measuring the abrasion resistance of 
organic and fibrous materials. These testers do not 
rank materials in the same order, presumably be- 
cause of different conditions of test. The influence 
of the conditions of test on the abrasiou resistance 
indicate that it defiends on man}' factors. It is 
interesting to note that all laboratory tests for 
determining the abrasion resistance of rublier 
rapidly abrade the rubber mainly as discrete par- 
ticles, and thus overemphasize the mechanical 
properties of a material in relation to its resistance 
to chemicul degradation. 

In all frictional processes, electrostatic charges 
are produced as the two materials rub across each 
other. These charges may have an influence on 
the abrasion resistance, particularly through their 
effect on chemical degradation either directly or 
by the production of ozone. However, the role 
that electrostatic forces play in *he abrasion 
process is not known. 

Plastics, leather, textiles, lacquers and paints 
ire other high-molecular weight organic com- 
pounds that are used in applications requiring 
abrasion resistance. These materials differ from 
rubber primarily in their extensibility. Their 
lower extensibility tends to make them less re- 
sistant to erosive forces than rubber; their resist- 
ance to chemical degradation may be greater or 
less than that of rubber. 

The abrasion resistance of mineral products is 
governed mainly by their resistance to erosion in 
most applications. The abrasion resistance of 
metals is complicated by the oxide film that forms 
on the surface of many and by the welding that 
occurs under high pressures and temperatures. 
Erosion or chemical degradation may predominate 
depending on the particular abrasive conditions. 

Robert I). Ktikhler 
Cross-References: Rubber , Carbon /Hack, Metals 


ABRASIVES 

Abrasives arc rough, gritty, wear-producing 
particles, such as the hard dusts that wear down 
carpets, Imarings, etc. Industrial applications of 
abrasives are varied, as, for example, the shar|M$n- 
ing of tools and polishing of materials. Most im- 
portant is the finishing to precise dimensions of 
numerous machine parts, such as crankshafts, 
cylinders, etc. So important is this that the moss 
production of automobile and other engines would 
hardly be possible without the modern grinding 
wheel. 

There are both natural and synthetic abrasives. 
The most common of the former are sand (SiO*), 
used for cleaning stone surfaces and to some extent 


for small industrial products, and emery (corun- 
dum) which is in wide use as a finishing abrasive. 
More important for precision work is the artificial 
abrasive, silicon carbide (SiC), discovered in 1891 
by Acheson. 

Abrasive action may be considered from two 
viewpoints — grinding and polishing. In grinding, 
the surface of the work is penetrated by the 
abrasive, and material is removed, by a process of 
shear, in the form of plastically deformed chips. 
Polishing action is quite different. It has been 
found by Heilby that the top layer of a metal 
changes after polishing from a crystalline to an 
amorphous form. In work with sliding solids, 
Bowden and his co-W'orkers showed that even 
under light pressures and low rates of rubbing, 
high temperatures develop at areas of actual con- 
tact. These local high temperatures cause soften- 
ing or melting with consequent smearing or flow r - 
ing to give the polished Heilby layer. Moreover, 
harder materials do not necessarily polish softer 
ones, as would be expected if t lie action w’ere one 
of grinding. It is the relative melting points that 
is important; the solid with the higher melting 
point, polishes the one with the lower melting 
point, even if it is not as hard. In practice, the 
division between grinding and polishing is not 
sharp; e.g., the term “polishing” is applied to 
operations that range from grinding on a flexible 
wheel to light huffing. 

Chemical reactions not yet elucidated undoubt- 
edly occur. There is some supporting evidence for 
this view: (1) some abrasives aie soluble in metals; 
(2) the high temperatures and nressures that ac- 
company abrasive action, and the* highly reactive 
state of freshly cut metal, are conducive to reac 
tion; (3) atmospheric owgcu, water vapor ami 
contaminants arc present 

Grinding Abrasives. The most important of 
those arc fused aluminum oxide (AljOd and silicon 
carbide (Sit 1 ). The former is made from bauxite 
in the arc !\pe electric furnace. The fused mass, 
alter controlled cooling, is crushed and screened to 
desired size and shape of giain. The product is 
browui, crystalline, and contains about 95% AlgOj ; 
the remainder is Fe, Ti and Si oxides. B.\ adding 
certain impurities to the melt , or by starting with 
a purified alumina, a more readily fractured grain 
results. SiC w made in the electric furnace by the 
reduction of pure silica sand with coke The fused 
moss also undergoes crushing, etc , to \ icld a black 
or green crystalline grain. Both fused AlsOi and 
SiC are very hard and tough; SiC has the greater 
resistance to fracture. Both are highly refractory. 
An important property is resistance of the abra- 
sive points to wear by attrition. This depends on 
the work surface; AlaOa is mole resist ant on hard 
steel, SiC on cast iron, etc. Fufcd AlsOa is used for 
grinding materials of high tensile strength, such as 
steel; SiC on materials of low tensile strength such 
as A1 and Cu, and on hard, brittle materials like 
marble, cost iron, etc. The production and UBe of 
these two abrasives is far greater than that of any 
others. 

Rot on carbide (B 4 C), a product of the graphite 
electric furnace, is the hardest synthetic abrasive; 
its cost limits its use as an abrasive to lapping 
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cemented carbides. Borlz diamonds are widely 
used for polishing gems, dressing diamond wheels, 
and sharpening carbide tools. Corundum, a natur- 
ally occurring alumina, is very hard; its use is in 
grinding optical glass. Emery, an impure corun- 
dum, is used for fine grinding and polishing. 

Polishing Abrasives. Many minerals besides 
emery are used for polishing. Some of the more 
industrially important are tripoli, an aluminum 
silicate mixed with Fe and Mn oxides, widely used 
for buffing brass and Al; red rouge, Fe*Oi , used 
for precious metals, glass and plastics; Vienna 
lime, a calcined dolomite, used for light buffing of 
brass, copper and nickel plate; chromium oxide 
(Cr 2 ()j), and fused and unfused Al s O| , for the 
high finishes on stainless steel; pumice, an alu- 
minum silicate, for plastics and glass bevelling; 
garnet, a mixture of Fe, Ca and Al silicates, and 
quartz, used as coated abrasives. 

Abrasive Product*. (1) Nearly all grinding 
wheels use either fused Al«O a or SiC. The grains 
are carefully dispersed in suitable binders, called 
bonds. These arc cither vitrified (mixed clays), 
sodium silicate, shellac, rcsinoid (usually phenolic 
or phthalate), or rubber. By close control, wheels 
of any desired strength and kind of bond, and grain 
spacing, may be made. By varying also the kind 
and size of the abrasive grains, the manufacturer 
offers a very large selection of wheels from which 
almost any grinding requirement may be met. 
(2) Coated abrasives are made by depositing abra- 
sive grains on paper or cloth, with glue nr a water- 
proof resin as adhesive The older gravity feed 
has been replaced by an electrostatic process of 
deposition, resulting in more uniform dispersion 
and more effective orientation of grain. Coated 
abrasives in the form of endless belts have become 
of increasing importance for flexible grinding and 
polishing. (3) Polishing wheels are made of discs 
of either cotton sheeting, canvas, felt, or leather, 
sewed together. Hide glue or sodium silicate solu- 
tion is applied to the wheel face, and then the abra- 
sive grain, usuully fused AljO* , or emery for some 
fine finishes, is embedded in the udliesive. When 
the wheel loses its cutting action the face is re- 
coated. (4) The abrasives commonly used in buf- 
fing compositions and pastes are emery, tripoli, 
lime, rouge, silica, Cr 2 () a , fused and unfused 
AI2O3 . The binders arc usually mixtures of stearic 
acid, tallow r , petrolatum, w r axes, or glue. There 
are numerous other products, c.g., shot in sand- 
blasting, various grains and products in tumbling 
barrels for burnishing, sharpening stones, ' queous 
polishing suspensions, etc. 

Benjamin Freeman 
Cross-references: Aluminum Carbides , Hard- 
ness, Abrasion Resistance 


ABSORBENTS 

Absorbents are substances having the capacity 
to take up other substances by the process of ab- 
sorption, i. e., the penetration of one substance 
(the absorbate) into the inner structure of another 
(tho absorbent), with a resulting loss of identity 
of the original substance. Either the absorbate 


merely dissolves in the absorbent, as in the solu- 
tion of hydrogen chloride gas in water to form 
hydrochloric acid, or it reacts chemically with the 
absorbent, as in the absorption of carbon dioxide 
by sodium hydroxide solution, yielding sodium 
carbonate. By the reverse process of desorption, 
or stripping, the absorbed materials may some- 
times be recovered in their original form. For 
instance, passing air through a solution of hydro- 
chloric acid liberates hydrogen chloride, and the 
treatment of sodium carbonate with an acid re- 
generates carbon dioxide. 

Absorbents are widely used in both laboratory 
and large-scale operations for the concentration 
and recovery of desirable materials, or for the 
elimination of interfering, obnoxious, or otherwise 
objectionable substances. Very often they arc 
selective, so that only a specific constituent is 
removed from t he gas or liquid stream for subse- 
quent regeneration or discard. 

Types of Absorbents. The effectiveness of the 
nonreactive absorbents depends on the relative 
resistances of the fluid films adjoining the inter- 
face between the absorbate and the absorbing 
medium, the relative motion of the two fluids, anil 
the solubility of the solute in the absorbent. It is 
only with proper engineering of the absorption 
apparatus to bring the separate phases into inti- 
mate contact that maximum efficiency can be 
achieved. The usual effect of increasing tempera- 
ture is to diminish the solubility of a gaseous 
component. Solubility is further reduced by the 
increasing concentration of solute in the absorb- 
ent. Relatively large quantities of the nonreae- 
tive absorbents and well -designed equipment are 
required. Water is generally used in this type 
of absorption because it is the most available and 
the cheapest solvent. If the material to be ab- 
sorbed is not soluble in water, other solvents must, 
of couise, be used. With nonreactive absorbents, 
the absorbate is rather easily stripped or desorbed 
by such physical processes as heating, flushing 
with an inert gas, or fractional distillation. 

Absorption i.y chemical reaction is often the 
most economical method, since virtually complete 
absorption is possible with minimum amounts of 
the reactive type of absorbent. Although intimate 
contact between phases is necessary, the limiting 
factor is only the rate of reaction, which U eon 
trolling if the reaction takes place slowly. The rate 
of absorption is then equal to the rate of reaction 
If the reaction is rapid, as in most instances, the 
chemical resistance is small, and the diffusionul 
resistances are controlling, just os though 110 
chemical reaction w r ere involved. A second chemi- 
cal reaction may be required to liberate the ab- 
sorbed material, but this is not usually objection- 
able. In some processes, it is advantageous to use 
as an absorbent a liquid compound or a solution 
which reacts w r ith the gas to be absorbed, forming 
a loose chemical compound which may readily be 
decomposed. 

For laboratory applications, such as the analy- 
sis and purification of gases, the recover}' of 
vapors, or the elimination of obnoxious fumes, 
absorption is easily accomplished by passing the 
stream through bubble towers, absorption tubes. 
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contact pipettes or other apparatus containing 
the absorbent material. Home of these have been 
developed and improved for such sjiecific purposes 
as direct weighing of the absorbed constituent, 
regeneration of a gas, or the simultaneous absorp- 
tion of two or more gases. Home of the more com- 
mon absorbents for laboratory use are given below. 


Ab'orlwnt 

Wat pi 


Asearite v^uOH ashes 
tos) or Soda-lime 
(NaOll-CaOH) 

Acid cuprous chloride or 
Cuprous sulfate-beta 
linphthol in HsS<) 4 
Alkaline pvrogallol, 
Chromous chloride, or 
Sodium hydrosulfite 
Fuming H 2 SO 4 + SO 4 01 
Bromine water 


Absorbs tr 

Soluble gases and 
vapors (1101, 

NH a , alcohols, 
etc.) 

CO 2 , iUH, and other 
acidic gases 

Carbon monoxide 


Oxygen 


Cnsaturated hydro- 
carbons 


Equipment for Absorption. Because of the 
wide variety of purposes and specifications of 
industrial absorption equipment, a very large 
number of different tyjies are in use. The objective 
of each design, however, i«* the promotion of inti- 
mate contact of gas and liquid over a large inter- 
phase surface, to produce a high rate of absorption 
with a minimum quantity of absorbent. The vari- 
ous types may be divided into three groups: (a) 
plate or bubble-cap towers, (b) packed towers, 
and (c) miscellaneous types, including spray tow- 
ers. Equipment of the same basic design is effec- 
tive also for the desorption of the non -reactive 
ubsorhates, since intimate surface contact is the 
prime factor. Solid absorbents, extremely useful 
in small-scale operations because of the high How 
rates |>ermissiblc, are not commonly utilized in 
industrial absorption processes because of the 
prohibitive cost of manufacture and handling. 

C. W. CllAGXON 


ACCELERATORS 

Accelerators arc substances (usually nitrogen 
containing organic compounds) which increase 
the rate of vulcanization of rubber. A major dif- 
ficulty in the early history of the rublwjr industry 
was the slowness with which rubber and sulfur re- 
acted. This difficulty was complicated by fluctua- 
tions in the vulcanization rute in different batches 
of rubber, due to variation in the content of 
nitrogenous materials. In 1900 it took about four 
hours to vulcanize a tire, and then there was a 
possibility that it would be overcured or under- 
cured. Early research in the rublier industry was 
directed, therefore, toward finding materials 
which would accelerate the rate of vulcanization. 
These materials are called “ ‘accelerators ' 9 and 
are further defined in terms of their ability to per- 
form this function. Thus, those materials which 
reduce the vulcanization time from several hours 


to a few minutes Are called ultra-accelerators and 
those which are somcwTmt slowrer are referred to 
as semi ultra -accelerators. It was later found that 
accelerators possessed other desirable features. 
Thus, the sulfur requirements could be reduced 
from as much as 10 per cent to 2 or 3 per cent, 
based on the rubber content of the mix. In cases 
w’here sulfur was available in the accelerntoi , such 
ah the thin ram disulfides, the sulfur requirements 
were reduced to 1 per rout or less. A direct corre- 
lation exists between the amount of combined 
sulfur in vulcanized rubber and the rate of de 
terioration of rubber in air. Therefore, the use of 
accelerators which require less sulfur yields prod 
nets with greatly improved aging properties. In 
general, accelerated vulcanization enhances the 
physical properties of the vulcanized riiblier, due 
in part to the reduction in thermal degradation 
of the rubber which takes place independently 
of vulcanization. 

Certain accelerators have the property of broad - 
ening the vulcanization time for optimum cure 
This is called the plutcau effect. Normally the 
physical properties such as modulus and tensile 
strength increase, go through a maximum, and 
then decrease. Because thick articles do not cure 
uniformly due to the poor heat conductance of 
rubber, the plateau effect becomes very impor- 
tant . An additional advantage of the short vulcan 
ization time is the possibility of incorporating 
organic dyes, which normally decompose under 
prolonged heating at elevated temperatures 

Classification. The first accelerators were the 
basic carbonates and oxides of lead, supplemented 
by other basic metal oxides or hydroxides such ns 
magnesia or lime. The first organic accelerator w r as 
aniline (Ocnslager in HKKi) Other amines were 
also used, and were followed shortly by their 
derivatives such as thioenrbanilide, hexamethyl 
enetet ramine and various reaction products of 
amines with aldehydes as well as the diarylguani- 
dines Amine derivatives, such as the dithiocar- 
baniates and thiurnin sulfides of secomlar) alkyl 
amines, were developed to form a class frequently 
called “ultra-accelerators” because of their high 
accelerating activity. In fact, their activity w-as 
so great that in most cases it was found to be im- 
practicable to use them because of their tendency 
to cause premature vulcanization The most im- 
portant class of organic accelerators developed 
was the thiazole-thiols, particularly 2-mercapto- 
benzothiazole and its fieri vatives. These now, 
dominate the field and constitute mom than 70% 
of all accelerators manuffet tired. Another class, 
characterized by having no nitrogen in their com- 
position, includes the xaHt hates, the dithiocar- 
hoxylic acids and their derivatives. These, be- 
cause of relatively poor stability and tendency to 
prevulcanize at low temperatures, have been of 
little practical value. Sajne of the more useful 
members of the various * classes are considered 
below. 

Aldehyde-amines. The aldehyde -amines arc 
made usually from aniline reacted with such alde- 
hydes as formaldehyde, acetaldehyde, butyraldc- 
hyde, heptaldehyde etc, or combinations of two or 
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more such aldehydes. They arc liquid or resinous 
products of somewhat uncertain composition and 
their use is largely as activators with thinzole- 
type accelerators, in hard rubber and other 
specialties. 

Guanidines. The guanidines, diphenyl or di <>- 
tolyl, an* white crystalline materials obtained by 
reacting aniline or o-toluidine with cyanogen 
chloride. They are used extensively as activators 
with thiazole-type accelerators, particularly in 
(»R-H lire stocks. 

Thiurnm sulfides. Tel rainethylt hiuram disulfide 
is the most important member in this class. It is a 
white crystalline solid obtained by oxidizing di- 
inethyldithiocarbamic acid with hydrogen perox- 
ide. nitrous acid or other oxidizing agents It is 
used largely in (JR-I (butyl rubber) inner tubes 
as well its an activator with thiazole accelerators. 
This accelerator also is useful as a curing agent 
without additional sulfur to provide rubbers hav- 
ing no free sulfur and excellent aging character- 
istics 

Tetrainethylthiurnm nionosultide is a yellow 
crystalline product obtained by treating the cor- 
responding disulfide with sodium cyanide. It has 
the r :/.< ■*. ,».*rnl uses as the disulfide but has less 
tendency to vulcanize prematurely. 

Dithiocarbamates. A number of metal salts of 
various dithiocarbainic acids are used as acceler 
atois. Moat important are zinc dimethyl' and zinc 
diethyldithiocurhumutcs The former is used 
largely as an activator while the latter is used ex- 
tensively in latex foamed rubber. The salts are 
prepared by adding carbon disulfide to an aqueous 
solution of the amine and sodium hydroxide. On 
addition of zinc chloride, zinc dithiocarbamate 
precipitates. 

2 Mn captnbvnzuthiazoh . 2-Mercaptobcnzothi- 
azole ami its derivatives have been the out. stand- 
ing accelerators in the tire manufacturing field, 
not onlv because of the excellent results obtained 
by their use in rubber but also because of their 
east* of manufacture and relatively W>w cost. The 
parent compound, 2-mercaptobenzothiazole, is 
readily prepared by heating carbon disulfide, 
aniline and sulfur in an autoclave at about 250 a (\ 
Its use its an accelerator i** second only to that of 
its own derivatives. One of the earlier and more 
generally used accelerators which overcame the 
precuring or “scorching” difficulty was 2,2'-di- 
thiobisbcnzothiazolc, obtained by the oxidation 
of mercaptobenzothiazole. In recent years the 
introduction of the highly reinforcing a 1 some- 
what alkaline furnace blacks has caused the 
scorching problem to become more acute. To over- 
come this, another type of mereaptobenzothiazole 
derivative has been developed and is growing in 
popularity. This is the sulfenamide in which the 
thiol hydrogen of the mereaptobenzothiazole is 
replaced by an amine attached through the nitro- 
gen to the sulfur. Two derivatives which are in 
commercial use today are X -cyclohexyl -2-benzo- 
thiazole sulfenamide and N-oxydiethylcne-2-bcn- 
zothinzole sulfenamide. The sulfenamidcs are 
prepared by the oxidative action of sodium hypo- 
chlorite on a mixture of mereaptobenzothiazole 


and the amine or by the action of chlorine on a 
solution of sodium hydroxide, mcrcaptobenzo- 
thiazole and the amine. The greatest drawback to 
this type of accelerator is the lack of stability dur- 
ing storage. 

Speed lieu lions. Fur an accelerator to lie ac- 
cepted commercially, it must satisfy many re- 
quirements. It must blend with the rubber uni- 
formly. This factor is controlled by the solubility 
of the accelerator in rubber, as well as its melting 
point and particle size. The accelerator, as such, 
must not aiTcct the appearance of the product ; 
that is. it should not darken light stocks, nor should 
it bloom to the surface on standing. Solids are 
preferred to liquids. Accelerators should not have 
an objectionable odor, should be nontoxie and 
relatively nonirritating. Finally, it must be stable 
enough to keep in a storeroom for a reasonably 
long period of time. 

.Mechanism of Action. Some progress bus been 
made toward elucidating the mechanism by w'liich 
accelerators increase the rate of vulcanization. It 
is 1 airly well established that most forms of sulfur 
vulcanization take place by a free radical mech- 
anism. Thus, it is known that the thiurnm disul- 
fides and mereaptobenzothiazole generate free 
radicals under vulcanization conditions. Their 
function probably lies in the breaking of the stable 
eight -meinbered sulfur ring It is also known that 
aniline and the thiuram monosulfides form poly 
sulfides w'liich revert to the nionosultide and at the 
same time liberate active sulfur. Presumably the 
active sulfur combines readily with the rubber. It 
is believed that the sulfenamide accelerators de- 
compose to mcrcaptohcnzothiazolc, w'liich acts in 
its usual manner as an accelerator. The delaying 
action, therefore, comes in the time required to 
est.-.blish conditions under which the decomposi- 
tion x ill take place. 

R. P. Dixsmork 

Cross -references: Free Radicals, Sulfur , Rubber, 
Vulcanization 


ACETATES 

Acetates are compounds derived from acetic 
acid ,'CU a C( )(>!!) by replacing the acid h>drogen 
with a metal or a radical, so that the resulting 
compound contains the acetate radical (CHaCOO). 
The acetates of commercial importance are cellu- 
lose acet ite, from which “acetate” rayon and 
many molded plastic articles are made; vinyl 
acetate, an ingredient of man> common plastic 
articles; ami ethyl acetate, used as a solvent in 
lacquer manufacture. 

Cellulose arftatc first became commercially im- 
portant during World War 1, when it was used as a 
substitute for nitrocellulose in airplane dope. Ni- 
trocellulose, or Celluloid, burns with almost ex- 
plosive violence, and cellulose acetate, which 
burns with difficulty, was developed to overcome 
this hazard. At the end of the war, demand for 
cellulose acetate collapsed, and very little use for 
tiiis material was found until the introduction of 
acetate rayon in 1924. Growth of this industry was 
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slow at first, hut by the early 1 980*8 acetate 
rayon was well established und growing rapidly. 

53 .000. 000 pounds were produced in 1938, and over 

250.000. 000 pounds in 1955. 

Shortly nfter the introduction of acetate rayon, 
the injection molding process was introduced in 
the plastic industry and cellulose acetate was one 
of the first materials to l>e used in this new field. 
This use of celulose acetate grew rapidly, and it is 
estimated that more than 100,000,000 lbs. of cel- 
lulose acetate and derivatives were used in the 
plastic industry in 1955. 

Cellulose acetate is made by esterifying the hy- 
droxyl groups in cellulose with acetic anhydride. 
Cellulose from wood pulp or cotton may be used. 
Cotton is more uniform, and gives stronger 
products, but wood pulp, which is cheaper, is 
suitable for many uses. A pretreatment of the 
cellulose is generally used to swell and disrupt the 
fibers and assist penetration of the acetylating 
mixture. Pretreating for several hours with acetic 
acid or acetic acid to which a small amount of sul- 
furic acid is added is customary. 

Direct esterification with acetic acid requires 
very drastic conditions, which result in excessive 
degradation of the cellulose molecule. For this 
reason, acetic anhydride is used, generally with 
sulfuric acid as a catalyst . The acetylation reagent 
consists of a mixture of acetic acid, acetic anhy- 
dride and sulfuric acid catalyst. A slight excess of 
anhydride is used. The acetic acid acts as a solvent 
for the product. The reaction is exothermic, and 
some degradation of the cellulose always results. 
The degree of degradation is controlled by tem- 
perature, catalyst etc., and can be estimated by 
the viscosity of the solution or “dope”. (See 
Esters.) 0 

The acetylation of cellulose proceeds from the 
outside of the filler inward, and acetylation to the 
theoretical tri-ester stage is required before the 
fil>er structure is sufficiently destroyed to form a 
uniform and homogeneous product. Since such 
high acetyl ratios are not desired in most products, 
it is common practice to first acetylate to the tri- 
ester stage, then hydrolize the product back to the 
desired acetyl content, which is generally about 
2.0 to 2.6 mols of acetic acid per cellulose unit. 

Hydrolysis of the acetvlated cellulose is accom- 
plished by adding water to the acetylation mix- 
ture. It can lie speeded up by addition of more 
w'ater, or stopped by neutralizing the sulfuric 
acid catalyst with sodium acetate. 

When hydrolysis has proceeded to the desired 
stage sodium acetate is added, and the product is 
precipitated by diluting carefully with water. 
As the precipitation point is reached acetic acid 
is substituted for water. The precipitate is care- 
fully w'oshed free of acid and salts, as traces of 
these can cause discoloration or further degrada- 
tion of the product. 

Cellulose acetate is white, odorless and non- 
toxic. It is generally manufactured in a range of 
from 53% to 62.5% combined acetic acid for fiber 
use, and a somewhat wider range for use in plas- 
tics. For the production of fibers, the cellulose 
acetate is dissolved in acetone and formed into fila- 


ments by pumping the solution through tiny holes 
in a “spinneret”. The filaments formed in this 
way are heated to drive off the solvent. It is 
formed into films by coating a revolving drum with 
solution, and stripping off the him after evapora- 
tion of the solvent. Thicker sheets are formed by 
extruding viscous concentrated solutions. 

Cellulose acetate for plastic ubc is made into 
molding compounds which are mixtures of cellu- 
lose acetate, plasticizers and usually dyes or pig- 
ments. Plasticizers are relatively inert, high-boil 
ing liquids, and may constitute 10% to 70% of the 
molding compound. The ingredients are blended 
in mechanical mixers, at elevated temperatures, 
and the resulting compound is formed into gran 
ulcs or pellets of various size suitable for ext rusion 
or molding. 

Cellulose acetate fibers have good stability, are 
easily dyed, have good strength and wearing quali 
ties. Cellulose acetate plastics arc characterized 
by high mechanical strength and toughness, and 
are widely used in to\s, eutlerx and tool handles, 
radio and appliance housings and as a base for 
pressure sensitive tapes. 

Vinyl acetate (CH iCO--(TI:C 11 2 ) is a colorlesi 
liquid with a sharp penetrating odor It is manu- 
factured from acetic acid and acetylene. In the 
vapor phase process, acet\leue and acetic acid are 
passed over charcoal impregnated with cadmium 
or zinc salts, at a temperature of 2tX)°(\ A large 
excess of acetylene is used which, after removal of 
the vinyl acetate, is recirculated. 

Vinyl acetate does not polymeri/c in the absence 
of light or catalysts, but when a small amount of 
a peroxide is present, the polymerization may 
reach explosive violence. The structure of pol>- 
viu\l acetate is represented by the following 
formula. 

(II. (‘II "1 

oorii.J, 

As the molecular weight increases, the polymers 
change from viscous liquids to tough, horny solids. 
Vinyl acetate may lx* copol> merized with other 
vinyl compounds, or with other monomers, to 
form a great variety of modifications. Polyvinyl 
acetate is readily hydrolyzed to polyvinyl alcohol, 
which in turn may lie condensed with aldehydes to 
form polyvinyl acetals. Polyvinyl acetate is the 
commercial source of these derivatives, which are 
used for a variety of specialized applications. 

In additional to bulk polymerization, vinyl 
ucetatc may also be polymerized in solution in a 
solvent such us benzene,, or in the form of an 
aqueous emulsion. In aqueous systems, very high 
molecular weight polymer! can be obtained, and 
the particle size of the dispersed polymer can be 
varied over a wide range. 

These aqueous dispersions are useful as ad- 
hesives and protective coatings. They are not af- 
f* cted by wood gums or roBins, oils, mild acids or 
alkalis, and make excellent sealers for wood, paper 
wallboard and masonry. Vinyl acetate dispersions 
are also widely used as interior wall paints. 
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The Bolicl resins are used in chewing gum, 
phonograph records and plastic novclticH. Because 
polyvinyl acetate has rather poor dimensional 
stability it is commonly used in applications where 
fillers or other resins may be added. Solutions of 
the resin are used in lacquers, paper coatings and 
adhesives. 

Ethyl acetate is widely used as a low-boiling sol- 
vent in the manufacture of lacquers. It is a good 
solvent for many types of resins, has good toler- 
ance for dilution with toluene, xylene and alco- 
hols. Ethyl acetate is one of the best solvents for 
cellulose nitrate, but will not dissolve cellulose 
acetate unless some alcohol is present. Mixtures 
containing up to 15% ethyl alcohol are frequently 
used as solvents for both cellulose acetate and 
nitrate. Ethyl acetate is produced commercially 
by esterification of ethyl alcohol and acetic acid, 
using sulfuric acid as a catalyst * 

CIL-COOII + OlrCOOC.H., + 11,0 

In a continuous process, acetic acid, 66°Bd. 
sulfuric acid and an excess of 05% ethyl alcohol 
arc mixed in reaction tanks until esterification 
equilibrium is reached, then pumped to a receiving 
tank. Tfu -..utture of crude ethyl acetate in the re- 
ceiving tank is fed through a preheater to the 
upper section of a bubble cap plate column. The 
top of this column is maintained at about XfW by 
introduction «f steam at the bottom of the* column. 
The vapor from this column, which consists of 
alcohol, ester and about 10% water, is fed to a 
second .separating column which is operated with 
a top temperature of 7()°(\ The vapoi from the top 
of this column is the ternary azeotrope, consisting 
of 83% ester, 9% alcohol and 8% wafer. Liquid 
from the* base of the column is returned to the first 
column. The azeotropic mixture is fed to a de- 
canter, where it is mixed with water to foun two 
layers. The upper layer consists of 93% ethyl 
acetate, 2% ethyl alcohol and 5% water. The 
low’er layer contains a small amount of ethyl alco- 
hol and istcr, and is returned to the separating 
column for recovery. The upper layer is purified 
in a third fractionating column, in which the over- 
head is the ternary mixture, and the bottoms 
consist of 95-100% ethyl acetate. 

llOBEKT S. AUIES 
Cross-references: CiUulotte; Plastics; Fibers , 
Synthetic 


ACETYLENE 

Acetylene is a colorless gas of molecular weight 
26.04. It, is the lirst of the acetylenic hydrocarbons 
and has the formula CIt ® CH. It has a melting 
point of — 82°Cat 1,227 mm und a boiling point of 
— 75°C at the Hume pressure. It is a highly endo- 
thermic compound, capable of being formed from 
most other hydrocarbons at high temperatures 
(in excess of about 1,500°K). While the free energy 
of all other hydrocarbons increases with increas- 
ing temperature, the free energy of acetylene de- 
creases, following approximately the equation: 
AF (g cal/gm mole) - 54,900 - 13.6 T ° K 


Because' of its high heat of formation, acetylene 
has been a popular source of fuel for welding opera- 
tions during the past half century. The tempera- 
ture of the oxyacetylene flame is 6,000°F. In the 
paMl quarter century, acetylene has become in- 
creasingly useful as a raw material for other 
organic chemicals. Acetylene product ion for recent 
years is listed below. 


Year 

Thousand Cubic Feet 

1935 

1,143,199" 

1941 

2,030,530 

1943 

5,603,897 

1944 

6,105,918 

1946 

3,649,873 

1948 

5,987,643 

1950 

5,331,000 

1952 

5,978,000 


It is estimated that by 1970, the total acetylene 
demands in the United States will be about 2.5 
billion pounds, about 80% of which will be for 
organic chemicals and 20% for fuels. 

Manufacture. The commercial method for the 
manufacture of acetylene until about fifteen years 
ago was by the reaction of calcium carbide and 
water: UaO* -f* 211-0 — * Ca(()H).‘ -I- The 

calcium carbide is produced in an electric arc fur 
mice from lime and coke according to the reaction: 
Ca() -f - 3U - * UaC* + CO. Currently, there are 
thice other important processes, two of which are 
in commercial use. The Schoch process, developed 
at the University of Texas by Dr K 1* Schoch 
and associates consists essentially of an electrical 
discharge in an atmosphere of gaseous or vaporized 
hydrocarbons. The raw materials may be anything 
from methane to a light kerosene cut. This proc- 
ess is not in commercial use at present. 

f l iic* Sachsso process consists of a partial oxida- 
tion of preheated hydrocarbon (usually natural 
gas) by preheated oxygen. The oxidation of part 
of the hydrocarbon liberates the heat required to 
obtain the required high temperatures. The by- 
products, carbon monoxide and hydrogen, may be 
used for various s\ n theses. The oxidation may also 
be accomplished by preheated air, in which case 
the manufacture may be more economical, but the 
purification more costly. At present, there are at 
least three major acetylene installations manufac 
turing acetylene by partial oxidation. 

The Wulff process mes a regenerative furnace to 
rapidly heat a hydrocarbon to 1,000-1 ,300°(\ 
depending on the charge. The feed may he any 
thing from methane to gasoline. The contact time 
required is about 0.1 second. The required heat i* 
obtained by burning part of the charge in one fur- 
nace w'hile the other one of a pair is cracking 
another part of the feed. There is one commercial 
installation for the manufacture of acetylene by 
the Wulff process. 

The reported cost of purified (98%) acetylene is 
in the range of 5.8 to 10.5f! per pound depending 
on the raw material, manufacturing process and 
purification process. 

Of tho total acetylene currently consumed as a 
chemical intermediate, vinyl chloride takes 30%, 
neoprene takes 28%, trichloroethylene takes 20%, 
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acrylonitrile takes 10%, vinyl acetate takes 8%, 
and 4% is taken hy miscellaneous processes. The 
percent of the above five products made from 
acetylene are 55%, 100%, 95%, 50%, and 100%, 
respectively. Vinyl chloride nuiv also be made by 
direct thermal chlorination of ethane or ethylene 
or the chlorination and subsequent dehydrochlor- 
ination of ethylene. Acrylonitrile is also made by 
the addition of hydrogen cyanide to ethylene 
oxide, followed by dehydration A low sales vol- 
ume, but nevertheless important product, poly- 
vinyl pyrrolidone, is made from acetylene, for 
mnldehydc and ammonia This chemical has 
served since World War 11 as a synthetic blood 
plasma. 

IJ. M. Montes 

Vrflylene Compounds 

Characteristics of the Triple lln rid. Wherea« 
ethylene has one normal a bond and one ir bond, 
acetylene has two v-eleetron bonds along w ith the 
ordinary <r bond. The electrons in the C II bonds 
and in the normal C C bond move in overlapping 
hybridized sp orbitals. This stabilizes the mole- 
cule, and shortens the C— O distance to 1 2A One 
result of this overlapping and shortening is that 
the CseC bond is stronger than the bond. 

Fot example, the C=C bond exists under tem- 
perature conditions which rupture the C-^-O and 
C-C bonds. In fact, the pyrolysis of saturated 
and olefin ic hydrocarbons is one commercial route 
to acetylene. 

Triple bonds are generally more reactive toward 
nucleophilic reagents (e.g., water, alcohols, 
amines, etc.) than are double bonds; that is, the 
electrons of the triple bond are more electrophilic 
in character than are the electrons of cthylenie 
bonds. The reverse is true for electrophilic re 
agents such as halogens, ozone, pcrucids, etc. This 
is explained by the fact that the t electrons of the 
acetylenic bond are concentrated more nearly in 
the center of the carbon carbon bond. This 
arrangement of the triple bond r electrons then 
accounts for the much greater acidity of the 
ethyriyl hydrogens. Because of the planar, sym- 
metrical configuration of the acetylenic bond, the 
t electrons are not polarized as readily as are 
corresponding ethylcnic electrons. 

The acetylenic bond resembles the benzene ring 
in electron withdrawing power, i.e., it is an "elec- 
tron sink”. This electronic effect is illustrated by 
the fact that or-acetylenic carboxylic acids, such 
as propiolic acid (acetylene monocarboxylic acid), 
are very powerful organic acidH (pKa =* 
1.4 X 10 *). The ionization of propiolic acid is 
about the same as that of chloroacetic acid, and is 
250 times greater than the ionization of the corres- 
ponding olefinic acid (acrylic acid). Another 
example of this effect is the reactivity of the hy- 
droxyl group in a tertiary acetylenic carhinol. 
Because of the inductive effect of the triple bond , 
the hydroxyl group resembles that of a saturated 
secondary alcohol in reactivity. 

Additions to the Triple Bond. General re- 
marks. Many substances add across the triple bond 
of acetylenic compounds. Among these are hydro- 


gen, halogens, HX, water, HCN, acrylates, ami 
carbonate esters. The halogens and halogcu acids 
will add in the absence of catalysts. Best reactions 
arc obtained if a catalyst is used. The function of 
catalysts is to “activate” or polarize the acety- 
lene. Among the important products obtained by 
such reactions arc trichloroethylene, vinyl chlo- 
ride, acetaldehyde, acetone, acrylonitrile, etc. 

II ydration. Hydration of the acetylenic bond is 
usually carried out with a mercury salt acid cata- 
lyst (such as HgSO-i-HaSO*) . The exact nature of 
the intermediate acetylenic -catalyst complex is 
unknown. There is considerable evidence that 
some such coordination compound is the active 
species. Acetylene itself forms acetaldehyde under 
the conditions. When a zinc oxide-vanadium 
pent oxide catalyst, is used, acetone is the chief 
product. (See Uydrution). 

Ihltlroycnation. Stepwise hydrogenation can be 
accomplished by proper choice of catahsts. 
“Poisoned” palladium is used to convert acety 
Ionics to olefins. Mild conditions of pressure and 
temperature are required. Complete hydrogena- 
tions occur when nickel, iron, platinum, or palla- 
dium catalysts arc used under more drastic condi 
tions. (See Ilvdrogrnutiimi 

DU Is-AlfU r Hunt ions. PirK Mdei t\po addi- 
tions are difficult unless the acetylenic bond i*. 
activated (polarized) bv an adjacent group. In 
compounds such as propyl efhynyl ketone and 
ethyl propiolate the triple bond is a good dieno 
phile. For example, the above ketone reacts with 
butadiene at 120 C to form 2,5 dih> drolmt y inphe- 
noiip m nearly quantitative yield. In compounds 
which contain conjugated olefinic and acct\ Ionic 
bonds, the acetylenic bond can take part in Piels 
Alder reactions as pa it of a diene system. In Mich 
cases only one pair of electrons of the triple bond 
enters into the reaction. (See Dicls-\l«|«»r Reac- 
tions) 

Vim luf ion. This is a special case of addition 
across a triple bond. The two most important 
vinylation reactions involve (1) organic acids and 
(2) alcohols, to form vinyl esters ami ethers, re 
spcctivcly . Vinyl esters are prepared commercially 
on a very large scale for use as monomers. The 
most important of these is vinyl acetate. Vinyl 
ethers are being developed as monomers. 

Vinylation of acids is carried out by three differ- 
ent techniques. (1) Reactions of acids with acety - ■ 
lonc(s) in the vapor phase at 170 250 °C over sup- 
ported catalysts containing zinc ami/or cadmium 
salts result in very high ester yields. (2) Direct 
vinylation can occur io liquid phase at atmos- 
pheric pressure and at moderate temperature 
(<100°C) in the presence of mercury salt -acid 
catalysts. (3) Liquid phase vinylation can be 
carried out at elevated temperatures and under 
acetylene pressure using soluble zinc and/or 
cadmium salts as catalysts. Xylene, cyclohexane, 
etc., are useful solvents. This is one of the so- 
called Reppe reactions. The compressed acetylene 
is diluted with an inert gas such as nitrogen to 
decrease the danger of spontaneous decomposi- 
tions. Reppe demonstrated that by observing 
certain precautions, acetylene can be used fairly 
safely under ratber severe conditions. The chief 
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disadvantage of this process is that the rate of 
reaction is slow. This means that a given size reac- 
tor vessel produces a relatively small amount of 
product per unit time. 

Vinylation of alroholn is also due to Reppe. Pri- 
mary alcohols add across acetylene at atmos- 
pheric pressure in the presence of basic catalysts 
such as potassium hydroxide to form vinyl ethers. 
Some secondary and all tertiary alcohols require 
elevated temperature and acetylene pressure. The 
base is presumed to function by polarizing or par- 
tially ionizing both reagents. Vinyl ethyl ether can 
be formed by such a reaction scheme, and is used 
as a general inhalation anesthetic. 

Acetylenic bonds can undergo a form of sclf- 
vinylation reaction. When acetylene is treated 
with a cuprous ammonium chloride catalyst, one 
molecule adds across another so that vinyl acety- 
lene is formed. The chief by-product is divinyl 
acetylene. Treatment of vinyl acetylene with IICl 
i exults in chloroprenc. This reaction was discov- 
ered by Nieuwland, ami is of great importance due 
to the fact that polychloroprcne is the neoprene 
rubber of commerce. 

\not r h#»i sell vinylation reaction was discovered 
b\ Itcppc When compressed accUlenc is heated 
in the presence of a nickel catalyst, (e g , nickel 
acet\ lacetonate) in tetrah> drofuran solvent, four 
molecules of acetylene react to form c> clooctntel 
raene in 73-XT»% yield The chief difficulty with 
thK i eaction is that it is apparent 1> very sensitive 
to "poisons”. A similar i cad ion, which may also 
be consideied as a special case of the l)iels-Alder 
lead ion, involves acetylene and butadiene to pro- 
duce* cvdooctatiicnc 

Substitution*. Acetylenic bonds containing 
at least one ethynvl hydrogen represent a special 
case in which the rather positive hydrogen can be 
icplaeed bv other elements. Alkali and alkaline 
earth metals react to liberate hydrogen and form 
the metallo derivatives. The corresponding metal 
amides react similarly, liberating ammouia. In 
the first leadion, use of free metal ctfUscs reduc- 
tion of some of the acetylenic compound. Conse- 
quently the second method has been more widely 
used Thus the classical method of preparation of 
sodium acetylide is by passing acetylene into a 
liquid ammonia solution of sodium amide (formed 
in situ). Calcium, lithium, potAssium, and barium 
derivatives have also been made in this manner. 

Salts and oxides of I-B metals react to form 
acetylides. Cuprous, cupric, mercuric, silver, and 
gold acetylides form readily in neutra* >r basic* 
media. All these compounds are potentially explo- 
sive, but can be used safely under certain condi- 
tions. Cuprous acetylide is perhaps the most 
important of these, and was used by Iieppc and 
other workers as a catalyst for ethynylation 
reactions. 

Grignard reagei s are formed readily, and re- 
semble alkali metal acetylides in many reactions. 

EihynylatioiiM. Compounds containing at 
least one ethynyl hydrogen can add across polar- 
ized bonds to produce new acetylenic compounds. 
One of Reppe’s contributions to acetylene chem- 
istry is the technique for reacting acetylene with 


formaldehyde to produce propargyl alcohol and 
butyncdiol. The points of greatest technical sig- 
nificance are that pressure acetylene reactions can 
be conducted if the acetylene is diluted with an 
inert gas, and that wet supported cuprous acety- 
lide is safe enough for use as a catalyst. 

Ethynylation of aldehydes and base-sensitive 
(i.e., unsaturated) ketones is best carried out 
using a metal acetylide in ammonia. Calcium or 
lithium acetylides arc more expensive than sodium 
acetylide, but since they are less basic, they give 
higher yields of desired products and less aldol 
condensation by-products. These reactions are not 
cutalytic. 

A third important ethynylation technique uses 
stoichiometric or excess powdered potassium hy- 
droxide as condensing agent. The function of the 
base is subject to dispute. It either reacts with the 
acetylenic compound to produce the potassium 
acetylide as the reactive species, or more likely 
it merely polarizes the acetylenic bond to a reuc- 
t b r e state. Ail ether such as ethyl ether, acetal, or 
a polycthcr can be used as liquid medium. 

T. F. Rutleihje 
Cross-references: Carbon Monoxide, Cutalyfiitt, 
Ojro Croats* 


ACHESON, EDWARD GOODRICH (1856-1931) 

Acheson at an early age took an unusual interest 
in the operation of the furnace, did a little amateur 
prospecting in the hills of Armstrong Count \ , 
and carried on what might be termed extracur 
ricular activities in mat hematics, with special 
emphasis on geometry, trigonometry, and survey 
ing. 

In 1X72 when the country was on the threshold 
oi a panic, his father had already suffered financial 
revv i M's, and Acheson, who had not \et celebrated 
his seventeenth birthday, was forced to turn his 
back upon school and seek a job. 

Western Pennsylvania was rapidly becoming 
industrialized, being crossed by railroads and 
dotted with coal mines, oil wells, blast furnaces, 
as well as numerous factories and retail establish- 
ments of cme sort or another. Achcson’s employ- 
men, for the next seven years took him far afield 
and found him in such varied occupations as time- 
keeper, salesman, ticket clerk, oil -tank gauger, 
and surveyor. 

This piovides the background, minus countless 
struggles and heartaches, for the young man who 
was destined to become an important aide to 
Thomas A. Edison; the inventor of an anti -induc- 
tion telephone cable which he sold to George 
Wcstinghouse; the designer of an electric re- 
sistance furnace of great commercial significance; 
tho discoverer of silicon carbide (“Carborun- 
dum”), the abrasive so important in mass-pro- 
duction machining operations; the first to 
establish a practical means for the large-scale 
conversion of amorphous carbon to the graphite 
allot rope, which process made possible the 
manufacture of electrodes so indispensable in 
celectrohemistry and electrometallurgy; and a 
pioneer in tho field of colloid chemistry, develop- 
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ing methods for reducing graphite and other 
solids to colloidal dimensions and subsequently 
adapting these colloids to a wide and diversified 
range of industrial applications. 

In addition to the products cited above, Aclieson 
brought into being many other materials and 
devices for which the United States Government 
granted him some seventy patents. 

Not satisfied simply to create, Acheson, eager 
to put his creations at the disposal of mankind, 
founded companies for the manufacture of abra- 
sives, graphite powders, graphite electrodes, inks, 
and colloidal suspensions of graphite. Numbered 
among these are The Carborundum Company, 
Niagara Falls, X. V.; the Acheson Graphite 
Company, -Niagara Falls (now a part of National 
Carbon Company, a division of Union Carbide 
and Carbon Corporation) ; Acheson Colloids Com- 
pany, Port Huron, Michigan; and Acheson Col- 
loids Limited, London, England. 

During his lifetime, Acheson had numerous 
honors and awards liestowred upon him. In addi- 
tion to having received the John Scott Medal on 
two occasions, he was also awarded the Count 
Rumford Medal, the Perkin Medal, und his ow r n 
Acheson Medal. In 1928 he founded the Edward 
Goodrich Acheson Fund, which, under the trustee- 
ship of The Electrochemical Society, provided a 
cash prize and the Edward Goodrich Acheson 
Medal “to the person who, in the judgment of the 
directors of the Society, shall have made such 
contribution to the advancement of any of the 
objects, purposes or activities, fostered or pro- 
moted by the Society, to merit such an award.” 
The Society unanimously voted him the first re- 
cipient of his own medal for his contributions to 
electrothermics. 

The degree of Doctor of Science was conferred 
upon Acheson by the University of Pittsburgh in 
1909, and five years later he was appointed an 
officer of the Royal Order of the Polar Star by the 
King of Sweden. 

Raymond Szymanowitz 
Cross-reference*: A l lot ropes , (It ophite. Colloid 
Chemistry 


ACID NUMBER 

Acid number or acid value is a chemical term 
used to express the degree of acidity of a sub- 
stance. It is defined as the number of milligrams 
of potassium hydroxide required to neutralize the 
acidic constituents in one gram of material The 
determination is UHiiall> performed by titrating a 
solution of the substance with 0.1 N alkali to an 
end point of pli 8.7. The acid number determina- 
tion is used mainly in the analysis of animal and 
vegetable oils, fats, and waxes and, to a lesser ex- 
tent, petroleum oils and waxes. Also, products 
derived from these substances, such ns soaps, 
paints, fuels, coatings, and lubricants are some- 
times evaluated in terms of acid numbers. 

The acidity of animal and vegetable oils, futs 
and waxes is due almost entirely to the presence 
of free fatty acids, which are produced in the sub- 
stance by the hydrolysis of the constituent gly- 


cerides. The hydrolysis may be caused by chemical 
treatment, enzymatic action, or bacterial decom- 
position. Therefore, the acid number of natural 
oils und fats is a variable property, w'hich is re- 
lated to conditions of manufacture, age and stor- 
age. Fresh vegetable oils seem to contain small 
percentages of free fatty ucids, whereas animal 
fats in the fresh state are practically devoid of 
them. Generally, in fats of good quality, the 
amount of free fat tv acids is not ordinarily greater 
than about 1 per cent, although in fats obtained 
from damaged mateiials it may be much higher. 
Palm oil and inedible tallows and greases are 
characteristically high in free fatty acids, ranging 
from II to 80 per cent Thus, the importance of the 
acid number lies in the fact that it indicates the 
quality of a fatty substance Certain arbitrary 
limits have been established for fats and oils in 
good condition. The range of values frequently 
reported in the literature is - butter fat, 0.45 2.0, 
coconut oil, 2.5 10 0; corn oil, 1.1-2 0, cottonseed 
oil, 0 6-0 9; lard, 0.5-0 N; menhaden oil, 5.0-8 0; 
mutton tallow, 1.7-14.0; olive oil, 0 8-1.0; rape 
oil, 0 4 1.0; and soya oil, 0 3-1 8 

The acidity of fats frequently is expressed 
directly as percentage free fatty acids In these 
calculations, the assumption is made that the fiee 
fatty acids in the substance ha\c a nioleeulai 
weight equal to a specific fatty acid For example, 
the free fattv acids (F.F A ) are calculated as 
lauric acid for coconut and palm kernel oils, as 
palmitic acid for palm oil, as ncinolcic acid foi 
castor oil; and as oleic acid foi most other oils 
One unit of acid number. is equivalent to 0 357 
per cent F.F. A. as Intuit* acid; 0 456 per cent 
F.F. A. as palmitic acid, 0.531 pel cent F F A as 
ricinolcic acid; and 0 503 per cent F.F A as oleic 
acid. 

The scope of the acid number determination, as 
designed for jietrolcum pioducts and lubricants, 
has been extended to include as acidic const it n 
ents: organic and inorganic acids, cstcis, phenolic 
compounds factories, resins, salts of heavy metals, 
and addition agents such as inhibitors and de- 
tergents. A set of standards on petroleum products 
specifies maximum allowable acid numbers for 
the following lubricating oils general use oil 
(medium grades), 0.10-0 30; steam cylinder oil, 
0.80; and diesel and marine engine oils, 3 00. The 
acid number may be used to express changes that 
occur in a lubricating oil used under oxidizing 
conditions However, the acid number cannot be 
used to piediet the performance of an oil under 
service conditions. 

1 G. V. Uiixppklow Jr 
C tosh -references: Acidp, Fats, Fatty Acids , Gly- 
cerides , Vegetable Oils , Waxes 


ACIDS 

Acids comprise a group of organic or inorganic 
compounds which in water solution taste sour, 
liberate hydrogen w r hen they react w r i!h metals, 
neutralize ulkuline compounds, change the color 
of litmus indicator from blue to red, make charac- 
teristic changes in the colors of other indicators, 
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aucl have pH value less than 7. Considered from a 
broader standpoint, any compound that is a 
proton donor is an acid. With solvents other than 
water, the proton donor definition is fruitful. In 
water solution, however, acids are generally con- 
sidered to be compounds capable of producing 
hydrogen or, better, hydronium (Il^O * or JI*H*() + ) 
ions. 

There an* well over 100 kinds of acids that are 
commercially available. They arc* prepared in 
several ways: (1) the reaction of a salt with 
an acid of a higher boiling point than the acid 
sought. For example, sulfuric acid has a high 
boiling point and it is stable. It reacts with chlo- 
rides to liberate hydrogen chloride which has a 
lower boiling point than sulfuric acid. Hydrogen 
chloride dissolved in water forms hydrochloric 
acid : 

XnCl 4- IIjH 0 4 - > HC1 + NaHS(> 4 
11C1 + 1I 2 0 I!/) 4 + Cl . 

(2) The addition of w'ater to an oxide, usually of 
a nonmetal (and called an acid anhydride): 

C () 2 4 - 11.0 — 11 . 00 ., 

NO, + 11.0 II .SO i , 

(3) Special mi t hods: Sulfuric acid is made by the 
chambet and the contact processes. Xitric acid is 
made by the catal>tic oxidation of ammonia in 
the Ostw'ald juocess Hydrogen chloride can also 
be made bv direct combination of the el ments. 
The gas is subsequently dissolved in water to form 
hydrochloric acid 

The mineral acids include sulfuric (I1?»S0 4 ), 
hydrochloric (IK 1 !), nitric (HXO*), and phos- 
phoric (HiPO,). Organic acids contain carbon, 
and usually contain the group or radical COOH, 
called the carboxyl radical. Such acids aie car- 
horylic acids. Formic acid (IIOOOH), acetic acid 
(CHiOHlH), and propionic acid (r 2 H *00011) 
are in this group. Acids with a larger number of 
carbon atoms such as palmitic (CnHqOOOH) and 
stearic (CivIIjiX’OOH), are acids that may be de 
rived from fats and oils Hence this entire group 
of carboxylic acids is called the fatty acids . Some 
monocarboxylic acids may be unsaturated such as 
acrylic (or propcnoic) acid ( 0112 = 01100011 ) and 
oleic acid (CnHaiCOOH). 

Picarboxylic acids contain two carboxyl groups. 
The simplest is oxalic acid (COOH *00011), a 
white solid, melting point 189°C as the dihydrato 
[(00OFl) 2 2H 2 0]. This compound migh' also be 
called ethanedioic acid. Propanedioic acm, better 
known as malonic acid (C00HCH 2 C00H), m.p. 
135.6°C, i.s also in this group. 

Aromatic carboxylic acids include benzoic acid 
(CtHbCOOII), found in cranberries. It is used as 
a preservative for foods. Its sodium salt, sodium 
benzoate, is sometimes used to preserve fruit 
juices and tomato ketchup. 

Three phthalic acids are known, of which the 
ortho- is the most important. It is Cell^COOH)# , 
1,2-benzenedicarboxylic acid, m.p. 206-208°C. Its 
anhydride, phthalic anhydride ICelLCCOJiO], is 
used to polymerize with glycerol to form a useful 
resin. 


PJienol, sometimes called carbolic acid, (CJI*- 
OH), is an organic acid that reacts with sodium 
hydroxide, a typical base, to form sodium phe- 
noxidc (or sodium phenolate) and water. CelltOlI 4- 
XaOH -*♦ CftHbOXa 4- H 2 (>. In contrast to car- 
boxylic acids, phenols in general do not react with 
sodium hydrogen carbonate (bicarbonate of soda) 
(XallCOa), but many carboxylic acids do. 

Amino acids are a group of 21 nitrogen-contain- 
ing acids that may be derived from the. decompo- 
se ion of complex proteins. They all contain at 
least one carboxyl group. 

Strong acids are those that are completely disso- 
ciated into ions in w r ator solution. Weak acids 
show small tendency to form ions. For example, 
the reaction HOI +* II jO -> H/) + 4- CT~ goes 
practically to completion when hydrochloric acid, 
a strong acid, is formed. Acetic ucid solution 
CIIiCOOH 4- 11.0 . OII 4 OOO 4- II*O f forms 
only a few ions, and its properties are those of a 
weak ucid. In this sense, glacial acetic acid is 
even weaker than a solution of hydrogen acetate 
in waiter. Concent rated sulfuric acid is w’eak and 
dilute sulfuric acid is strong. 

The dissociation of the first hydronium ion from 
an acid in general proceeds more readily than a 
second. For example, 11 , 1*04 4- H 2 () — > II ,0 4 4- 
II jl*() i is easier than 1I 2 1*Oi 4- 1 I 2 0 — * II 3 0 + 4- 
1IPO, , and far easier than HP 0 4 4- II 2 0 — ► 
H,() f 4- l’O. 

The dissociation constant (or ionization con- 
stant) for an acid is a measure of the extent to 
which it forms hydrogen (or hvdronium) (H 4 or 
II 1 O 4 ) ions in water solution. In the case of acetic 
acid 


|H + ] X [(WH) 
ICHtt'OOU] 


1.75 X 10 - 


TVs dissociation constant has a larger value 
for strong acids than for weak ones. In cases in 
which an acid dissociates more than one hydrogen 
(Hydronium) ion, the value for K v for the second 
hydrogen ion is always smaller than that for the 
first . 

Kmiliit O. Weaver 
Cross -references : Arid Xuwbcr , Amnio Acids , 
('arh'txyhc Acids, Anhydridts , Acids (Mineral), 
Fatty Acids , Ions 


ACIDS, MINERAL 
Sulfuric Acid 

The minerul acids are sulfuric acid, nitric acid, 
mixed acid, hydrochloric, hydrobromie and hy- 
drofluoric acids, phosphoric acid, and boric acid. 
They are called minerul acids to indicate that they 
are derived from minerals, in contrast to the or- 
ganic acids which are found in vegetable and ani- 
mal matter. 

Sulfuric acid is the most important of the min- 
eral acids, as shown by the production figures. 
One reason is that it is relatively cheap; the over- 
all figure for sulfuric acid sold in 1952 was about 
$17 a ton (in terms of 100 % H 2 S0 4 ); another is 
thnt by adding sulfuric acid to the salts of the 
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other acids, the latter may he regenerated. Sul- 
furic acid, on the other hand, is not liberated from 
its salts by other acids; upon heating, the other 
acids volatilize, leaving the sulfates unaffected. 
With higher heat, the sulfates decompose. A third 
reason for the exteusive use of sulfuric acid is its 
avidity for water; a fourth is its catalyzing proper- 
ties. It functions in still other ways, one of which 
is in the neutralization of alkalies. 

Sulfuric acid near the 100 per cent strength is 
an oily liquid, with strong corrosive properties. 
It is miscible with water in all proportions. In 
slight dilution, it freezes easily, well above the 
ice point. At greater dilutions, it may be cooled 
to minus 10°C and low'er without freezing Dis- 
tinct from the 100% strength are the Oleums , 
which contain an excess of sultur tiioxide, and 
are made in a number of strengths; their freezing 
point curve also has peaks and valleys, but in the 
main, they freeze or solidify more easily. 

The production figures for various mineral acids 
for 1952 are as billows (in short tons) 


Sulfuric acid as 1(M)% 1CS0 4 13,. SOS, 558 

Nitric acid as 100% UNO 1 ,639,014 

Mixed acid 142,713 

Hydrochloric acid as 100% IK 'I 683,712 

Hydrofluoric acid as 100% HjK. 41,512 

Phosphoric acid as 30% 1 1 ,P< >, 2,061 ,099 

Boric acid as 100% IK Bib 54,548 


Sulfuric acid is made from sulfur (brimstone) 
or pyrite, by combustion, as a lesult of which sul- 
fur dioxide is formed, more or less diluted by air 
The acid may be made from any mixture of sulfur 
dioxide and air, as for example from copper blast 
furnace gas. The acid is made by one of two meth- 
ods: the chamber process, or the contact process. 
The chamber process is the older. In its original 
lay-out, the gas from the sulfur or pyrite burner 
was passed into a series of lead chambers, along 
with air, nitric oxide guses and cither atomized 
water or steam, the mixture of gases passing from 
one to the next. The reaction was slow, the temper- 
ature of the gases within the chambers rising to 
not more than 110°F. The reaction evolves heat, 
which is removed by air-cooling through the lead 
walls. There collects on the bottom of the chain - 
tiers, particularity the first one, a sulfuric acid of 
50°Bl, which is just the right strength for making 
superphosphate, a chemical fertilizer The outgo- 
ing gases are scrubbed in strong sulfuric acid to 
recapture the nitric oxides, which are used over 
again. The present day chambers are far smaller 
than the original ones, the temperature at which 
they function is higher (about 225°F in the first 
chamber), and the chemical action is far more 
rapid. The chambers are often built outdoors, and 
some, whether inside or out, are water-cooled. 
There are still other modifications of the chamber 
process. 

The second method is the contact process, in 
which the sulfur dioxide-air mixture travels at a 
measured rate over and through beds of pellets of 
a solid catalyst at a regulated, but elevated tem- 
perature. The first product is sulfur trioxide. 

2S(>2 -h O* 2S() a 


The solid contact substance first employed was 
finely divided platinum carried on asbestos fibers; 
it required a complete cleaning and drying of the 
gas, because the contact substance was easily 
poisoned, and its efficiency reduced. The pellets 
used more and more today, are vanadium pentox- 
itle, on an inert carrier; they are less sensitive to 
impurities in the gas. The sulfur trioxide combines 
with water to form .sulfuric acid, 

S(> 3 f- ICjD -+ h 2 so 4 

but it does so explosively , it is therefore customary 
to dissolve the sulfur trioxide in concentrated 
sulfuric acid, in wdiich it dissolves quietly yet 
completely, ami to adjust the strength later. 

The production of chamber acid in 1952 was 
2,709,279 short tons, while that of the contact 
acid wam 10,599,279 tons. From the 100 per cent 
chamber acid production before 1900, it has gradu- 
ally decreased, passing the 50 per cent mark in 
1938, while now the chamber acid production is 
only 20.3 per cent of the total. All acid figures are 
on the basis of 100 per cent H-SO* . 

Sulfuric acid, sometimes called the w f ork horse 
of industry, has hundreds of uses. One of them is 
“battery acid”, of specific gravity 1.230, which 
every motorist carries in hi*, lead storage battery. 
For comparison, ltK) per cent sulfuric acid has a 
specific gravity of 1.8305 at 20°C. Some other of 
its many uses are indicated below for 1951. 



Shot! tout 

Fertilizers 


Superphosphate «>t calcium •* 

3, 95(), (MM) 

Ammonium sull ate 

1 ,5(N),(KMI 

Chemicals 

3,9(M),tMK) 

Petroleum refining 

1,550,000 

Hay on and film 

710,000 

Iron ami steel 

1 .(KM), (MM) 

Other metals 

200,000 

Kxplosives 

1 15, (MM) 

Textiles 

10,000 

Miscellaneov** 

395, (KK) 

Nitric Acid 



Nitric acid is made h\ the action of sulfuric 
acid on sodium nitiatc, originally from Chile; 
there is formed nitre rake, or sodium acid sulfate 
as a second product, and concentrated nitric acid, 
over 95 per cent. 

NnNOa + I1 2 S<) 4 — UNO, + NaHHO« (1) 

Chilean nitrate is still in use, and is in part the 
source of nitric acid in certain countries. Then* is, 
however, a new method, which takes its nitrogen 
from the air ami makes it iftlo nitric acid, after 
first combining it with hvdrdgen. In other words, 
the new method is the catalytic oxidation of syn- 
thetic ammonin. 

4N1I, + 50j — 4NO + 0H*O + heat (2) 

The catalyst is a multiple screen of fine platinum 
wire held nt red-hot heat by good insulation. The 
nitric oxide becomes dioxide on leaving the con- 
verter, reacting with the excess air present. 

2ND + () 2 — 2NO « + heat (3) 



13 


boric: acid 


The nitrogen dioxide parses 1o a scricH of absorp- 
tion towers where it travels countercurrent to a 
flow of weak acid, which increases in strength in 
each tow'cr. 

3MO* + 1I 2 () -* 2HNO, 4- NO b heat (4) 

The nitric oxide reformed is oxidized again in the 
towers, so that finally almost all of it is absorbed 
The acid discharged is 55 to 00 per cent IINO. . 

The main use of nitric acid is in nitrations, such 
as that of benzene 

(VI. + UNO, — (\II, -NO, \ H s (> 

The nitration is usually performed with mixed 
acid, and the function of the sulfuric acid is to 
absorb the water of reaction, which otherwise 
would slow down the rate of nitiation and finally 
prevent it altogether. Ethylene glycol, glycerine 
and cellulose are other substances which may be 
nitruted. Nitric acid is more expensive than sul- 
furic acid; the uveruge figure for the acid on the 
basis oi HX)% acid in 1952 was $70 a ton (See 
Nitration) 

Hydrochloric Acid 

Hydrochloric acid is the water solution of hy- 
drogen chloride, IIC1, and is generally referred to 
by that symbol. Its most common form is the 20 n itf 
strength, with 31.45 per cent J1C1. In recent rears, 
a certain amount of the anhydrous substance has 
been prepared, bottled (in steel bottles) and 
shipped to customers. 

Hydrochloric acid is the acid of which common 
salt, NaCl, is the sodium salt. It is made by one 
of three methods. 

(1) By the action of sulfuric acid on «?aU; on 
heating, the hydrogen chloride and such water as 
may bo present pass over to the absorption vessel 
and towers, there to meet countercurrently a 
weak solution of the acid or water. The reaction 
between nitre cake and salt, already fciven in this 
division produces hydrochloric acid and salt, in 
the mechauical salt cake furnace. In at least one 
large scale operation, a stream of sulfuric acid it- 
self is allowed to flow on a mass of salt cake to 
which salt is constantly added, in a Mannheim 
furnace, but the general practice is to use nitre 
cake wherever possible. 

(2) By burning chlorine from an electrolytic 
cell in an excess of hydrogen, and dissolving the 
resulting hydrogen chloride iii water. A mixture 
of hydrogen and chlorine in certain proportions is 
violently explosive, so that careful regulation is 
essential. 

(3) By salvaging and dissolving in weak acid or 
water the by-product hydrogen chloride formed 
in the chlorination of hydrocarbons. 

C.I1. -h Cl, ♦ C.H.Cl -f HC1 

The overall price at the factory of the three 
types of hydrochloric acid differs. The acid from 
Balt, on a 100 per cent basis, is $82.50; that from 
chlorine burned in hydrogen, $78; while the acid 
obtained as by-product, is $50 a ton. 


Hydrofluoric Arid 

Hydrogen fluoride is a gas, extremely soluble 
in water; the solution is called hydrofluoric acid. 
Hydrogen fluoride is liberated from its calcium 
salt by the action of concentrated sulfuric acid 
on the finely powdered mineral fluorspar, CaF, . 
Hydrofluoric acid attacks silicates of any kind; 
with silica SiC), , it forms silicon tetrafluoride. 
The acid is shipped in 30 per cent or 60 t per cent 
HF strengths, in lead bottles. It serves for making 
the soluble fluorides, for preparing glass-etching 
and glass-brightening baths, and for cleaning 
stone. The anhydrous acid is also prepared com- 
mercially, and is used for the alkylation of hydro- 
caibons in petroleum refineries. 

Phosphoric Acid 

Phosphoric acid is a liquid; it is prepared by 
the wet or the dry method. In the wet process, 
diluted sulfuric acid is allowed to act on calcium 
phosphate in the form of ground phosphate rock 
or bone ash. There is produced a first strength of 
■10% phosphoric acid, which may be concentrated 
somewhat further. The concentrated grades are 
generally made by the second method, which pro- 
duces yellow phosphorus as a first product. The 
phosphorus is oxidized to phosphorus pentoxidc— 
a white, extremely hygroscopic solid, from which 
any strength acid is made. In this second process, 
a charge of calcium phosphate rock, carbon and 
silica, is fed into the electric furnace; phosphorus 
is evolved in vapor form, and may be collected 
directly. The liquid first formed solidifies easily 
and may be kept under a blanket of w’ater. Ship- 
ments in socially equipped car tanks are made, 
with this protection. 

It Is used to make the sodium phosphates, cal- 
cium phosphate und other phosphates; to produce 
double and triple phosphates, which are double 
and triple strength because no inert calcium sul- 
fate remains in the product, as is the case when 
sulfuric acid is used; to substitute for tartaric and 
citric acid in preserves and soft drinks; to manu- 
facture pharmaceutical chemicals and dental 
cements. It is used as a clarifying agent in the 
sugar house; in water softening; ns a drying agent , 
and in numerous other industrial operations and 
preparations. 

Boric Acid 

Boric aci I. H,B<), , is made by treating borax, 
Nn »B 4 () 7 - lull 2 (), with sulfuric acid. It is a solid, 
and may be obtained as a very fine, air-home pow- 
der, as a granular powder, or in the form of crys- 
tals. It is made in a technical grade, and a U.S.P. 
grade. The U.S.P. grade is a pharmaceutical: its 
saturated solution is a mild antiseptic, or at least, 
a bacteriostatic agent. The technical grade finds 
use in ceramics, and in other industries. Borax 
is obtained from the brine in Searlcs Lake, but 
very especially from rasorite, a mineral, N&sB«(V 
4H 9 0; the latter gives by solution, filtration and 
recrystallization, the desired borax. 

E. H. Rieubl 

Cross-references: Acids , Nitration , Nitrates, 
Fertilizers 
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ACRYLIC RESINS 

Acrylic resins comprise monomers and poly- 
mers of acrylic, suhsti tuted acrylic and moth- 
acrylic acids, their salts, esters and other deriva- 
tives, such ns nitriles and amides. Classified by 
major chemical types, the acrylics resins may be 
grouped ns follows: 

\ci«l Monomers and Polymers. Acrylic acid 
CIIs-sbCIICOOH, is a corrosive, weak acid, avail- 
able in either aqueous solution or as a glacial 
(essentially anhydrous) form. Reactions of acrylic 
acid are typical of normal acid functions (ester 
and salt, anhydride and acid chloride formation), 
of the unsaturated function (addition of halogens, 
amines, mercaptans), ami of the conjugated func- 
tions (Diels Abler reaction) All reactions are 
qualified by the polymerizable nature of the mole- 
cule Polyacrylic acid y available as an aqueous 
solution in different viscosities and as an anhy- 
drous powder, is a water-soluble polymer which 
gives hard, brittle, clear films. It is capable of 
undergoing chemical reactions involving the acid 
function, such as salt format ion and esterilication, 
insolubilization being achieved in the latter in- 
stance by the use of polyfunctional alcohols. 
Methacrylic acid , available in anhydrous form, is 
similarly amenable to reaction of the two function 
groupings in the molecule as well as to polymeri- 
zation. 

Sails. Monomeric salts may be prepared by 
neutralization of the corresponding acid or by 
suitable saponification of the appropriate mono- 
meric ester. Polymeric acrylic salts may be pre- 
pared by (a) neutralization of the polymeric acids, 
(b) polymerization of the monomelic salts, (c) 
saponification of the polymeric acrylic esters /and 
(d) saponification of the polymeric nitrile. 

Esters. A wide range of monomeric acrylic 
esters i.s available, and large quantities of methyl 
and ethyl acrylates and meth>l methacrylate now 
are being produced These are capable of under- 
going reactions of the ester grouping, and of the 
unsaturated system present in the molecule, in- 
cluding polymerization. 

The polymeric esters may be considered from 
the point of view of four methods of polymeriza- 
tion. (1 ) The monomeric esters can be polymerized 
in bulk by casting techniques to give sheet ma- 
terials. Acrylic resin sheet based principally on 
methyl methacrylate is a hard, transparent, 
optically clear product with excellent resistance 
to water and some organic solvents. (2) Suspension 
polymerization of the monomeric esters has been 
used to prepare commercial molding powders such 
as “Lucite” and “Plexiglas.” (3) Polymerization 
of acrylic esters in organic solvents. A large range 
of solvents has been used for the preparation of 
soluble polymers, the properties of which permit 
application in coating, adhesive and lubricating 
oil compositions. (4) Emulsion polymerization 
techniques. These stable dispersions of discrete 
particles of acrylic polymers form films on drying. 

Nitriles. Acrylonitrile monomer (CHa®CII — 
C S) is a liquid capable of ready polymerization 
and is reactive due to its carbon-to-carbon un- 
saturation and its nitrile function. Polymeriza- 


tion, which may be carried out in aqueous sus- 
pension or in solution, provides the basic material 
for the preparation of such svnthetic fibers os 
“Orion/ 1 “Acrilan,” “Dynel” and others. Poly- 
acrylonitrile is soluble in dimethylformnmide, 
ethylene carbonate, tetramethylene sulfone, and 
aqueous solutions of thiocyanate suits. It may be 
formed into fibers by extruding a polymer solution 
into a coagulating bath or by diy spinning. Hy- 
drolyzed polyacrylonitrile has aroused interest as 
a modifier of soil structures. Copolymers of acrylo- 
nitrile anil other monomers, such as styrene and 
butadiene, are iiumeroii* and are characterized by 
numerous useful properties 

Sheets and Molding Powders. The properties 
exhibited by solid polymers -such as crystal 
clarity, high impart strength, resistance to sun- 
light, weather, manv chemicals, and formability — 
have led to their widespread use in military and 
commercial applications. Availability of the ma- 
terial in translucent, transparent and opaque 
colors has expanded and diversified applications. 

Sheet acrylic polymer is the standard material 
for transparent enclosures on aircraft. Large edge 
lighted sheets are used as radar plotting boards 
on shipboard and at ground control stations. New 
grades of acrylic having improved resistance to 
heat ami crazing have been developed for jet air- 
craft. In the field of merchandising, acrylic plastic 
has become a major sign material, partieulailv for 
outdoor use. It also is used for counter dividers, 
transparent demonstration models of household 
appliances and industrial machines, and display 
fixtures and cases. The ability of acnlic resin to 
resist breakage and corrosion and to transmit and 
diffuse light efficiently makes it advantageous for 
industrial window gla/mg, dome skylights, safety 
shields, inspection windows, machine covers, 
pump components anil plating barrels. 

In molding powder form, acrylic plastic is used 
extensively for automotive parts such as tail and 
stop light lenses, steering wheel medallions, name- 
plates and instrument panels. A recent style trend 
introduced transparent loof sections formed from 
acrylic sheet The beauty anil durability of molded 
acrylic parts have resulted in wide use for name- 
plates, control knobs, dials anil handles on all 
types of home appliances, and many miscellaneous 
itern^*. 

Ion Excliunge Resins. Cation exchange resins 
may be produced bv the polymerization of moth- 
acrylic acid in the presence of crosslinking agents 
such os divinyl benzene. 

Textiles. Blends of polyacrylonitrile fibers 
with those of wool, rayon -and acetate provide a 
means of obtaining mixed (here with dyeing and 
other properties characteristic of the fiber types 
present in the blend. Acrylic resins arc well estab- 
lished in the sizing of fibers, polyacrylic acid being 
used extensively in the nylon field. Acrylate dis- 
persions provide highly desirable types of finishes. 

Coatings. Acrylic resin emulsion paints con- 
stitute a recent major development. They are 
especially recommended for freedom from odor, 
durability of finish, speed of drying and ease of 
application. For application either by spraying 
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or brushing, acrylic resin coating solutions in or- 
ganic solvents are available in types which give 
almost any desired range of hardness or tackiness, 
with clarity and durability as prominent features. 
These coatings are for both decorative and pro- 
tective uses, ranging from the protection of art 
treasures to treatment of raincoats. 

Leulher. Acrylate dispersions an* used in 
leather finishing as a base coat for nitrocellulose 
finishes and as components of water finish sys- 
tems. 

Oil Aildit ives. Polymerized acrylic esters, 
along with pol> isobutylene and alkylated poly- 
styrene, find some use as viscosity index improvers 
for hydraulic oils, automatic transmission fluids 
and motor oils. Methacrylate esters are used as 
pour point depressants for waxy oil stocks. 

AltCHfK J. WlCITIf 
Cross -references: Diels- Aliter Reaction, Extern, 
Monomers , Polymerization, S it ril^s. Plastics , 
Ion Exchange, Protective ('outlays. Fibers (St/n- 
thi he) 

ACTINIDE* see TRANSURANIUM ELEMENTS 
ACTIVATED CARBON, see CARBON, ACTIVATED 
ACTIVATED SLUDGE 

Activated kludge is the biologically active sedi- 
ment produced by the repeated aeration and 
settling of sewage and/or organic wastes The dis 
solved organie matter acts as food for the growth 
of an aerobic flora. This flora produces a bio- 
logically active sludge which is usually brown in 
color and which destroys the polluting organic 
matter in the sewage and waste. The process is 
known as the activated sludge process. 

The activated sludge process, with mimo van 
at ions, consists of aeration through submerged 
porous diffusers or l>> mechanical surface agi- 
tation, of either raw or settled sewage for a period 
of 2 6 hours, followed by settling of the solids for a 
period of 1 2 hours These solids, whfch are made 
up of the solids in the sewage and the biological 
growths which develop, are returned to the sewage 
(lowing into the aeration tanks. As this cycle is re- 
peated, the aerobic organisms in the sludge develop 
until there is 1000 3000 ppm of suspended sludge in 
the aeration liquor Aft era while more of the active 
sludge is developed than is needed to purify the 
incoming sewage, and this excess is withdrawn 
from the process and either dried for fertilizer or 
digested anaerobically with raw sewage sludge. 
This anaerobic digestion produces a gas consisting 
of approximately 65% methane and 35% CO* , und 
changes the w r ater binding properties so that the 
sludge is easier to filter or dry. 

The activated sludge is mude up of a mixture of 
zoogleal bacteria, filamentous bacteria, protozoa, 
rotifera and miscellaneous higher forms of life. 
The types and numbers of the various organisms 
will vary with the types of food present and with 
the length of the aeration period. The settled 
sludge withdrawal from the process contains from 
0.6 to 1 .5% dry solids, although by further settling 
it may bo concentrated to 3-6% solids. Analysis of 


the dried sludge for tho usual fertilizer constitu- 
ents show that it contains 5-6% of slowly avail- 
able N und 2 3% of P. The fertilizing value 
appears to be greater than the analysis would in- 
dicate, thus suggesting that it contains beneficial 
trace elements and growth -promoting compounds. 
Recent developments indicate that the sludge is a 
valuable source of vitamin Bp. , either by extrac- 
tion of the fti 2 or for direct addition of the dried 
sludge to mixed foods for cattle and poultry. 

The quality of excess activated sludge produced 
will vary with the food and the extent of oxidation 
to which the process is carried. In general, about 
1 lb of sludge is produced for each lb of organic 
matter destroyed. Prolonged or over-aeration will 
cause the sludge to partially disperse and digest 
itself. The amount of air or more precisely oxygen 
that is necessary to keep the sludge in an active 
and aerobic condition depends on the oxygen de- 
mand of the sludge organisms, the quantity of 
active sludge 1 , und the amount of food to be uti- 
lized. (liven suflicient food and sufficient or- 
ganisms to eat the food, the process seems to be 
limited only by the rate at which oxygen or air can 
be dissolved into the mixed liquor. This rate de- 
pends on the oxygen deficit, turbulence, bubble 
size and temperature, and at present is restricted 
by the physical methods of forcing the air through 
the diffuser tubers and/or mechanical agitation. 

In practice, the excess activated sludge is con- 
ditioned with 3 6% Fe(‘l., and filtered on vacuum 
filters. This reduces the moisture to about N()% 
and produces a filter cake which is dried in rotary 
or spray driers to a moisture content of les* than 
5%. It is bagged and sold direct as a fertilizer, or 
to fertilizer manufacturers who use it in mixed 
fertilizer. 

T ue mechanism of purification of sewage by 
the .i-tivated sludge is two fold i.e., (1) absorp- 
tion colloidal and soluble organic matter on the 
floe with subsequent oxidation by the organisms, 
u»'d (2) chemical splitting and oxidation of the 
soluble carbohydrates and proteins to CO. , H-O, 
NIC, NO,, NOj , SO i , POi and humus. The 
process of digestion proceeds by hydrolysis, de- 
carboxylation, deaminization and splitting of S 
and P from the organie molecules before oxidation. 

The process is applicable to the treatment of 
almost any type of organie waste waters which can 
serve as food for biological growth. It has been 
applied to cannery wastes, milk products wastes, 
corn products wastes and even phenolic wastes. 
In the treatment of phenolic wastes a special flora 
is developed which thrive.s on phenol as food. 

W. I). 1I.YT FIELD 

Cross-references: Fertilizers 


ACTIVITY 

The term “activity” is used in a general way to 
refer to the rate or extent of a change associated 
with some substance, or system. Thus the activity 
of magnesium metal is greater than that of copper, 
for it will combine more rapidly and to a larger 
extent with a variety of substances and will dis- 
place copper from many of its compounds. This 
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general meaning is also implied when activity is 
used in words or phrases like radioactivity, optical 
activity, catalytic activity and biological activity. 

Activity has a more specialized meaning in 
chemical thermodynamics. The behavior of ideal 
systems at equilibrium is described by laws which 
arc relations involving the concentrations of the 
species present. The substitution of activities for 
concentrations, as suggested by (». N. I^ewis, pre- 
serves the mathematical form of the ideal law and 
enables it to be extended to real systems, particu 
larlv liquid solutions and alloys. For example, 
the ratio of the product of the activities of hydro- 
gen and acetate ions to the activity of un-ionized 
acetic acid has a fixed value independent of the* 
concentration of acid or the presence of salts, 
whereas the ideal mass action constant, which is 
the ratio of concentrations, is not strictly con 
stant. The activity of a chemical species can be 
expressed as the product of its concentration and 
an activity coefficient that measures the deviation 
of the species from ideal behavior. The numerical 
value of the activity and activity coefficient will 
depend upon the unit of concentration employed 
For electrolytes the mean activity («») and mean 
activity coefficient are used because the activity 
and activity coefficient of a single ionic species 
cannot be measured and can thus be used only in 
a formal way. The relation between mean and 
ionic activities is illustrated by a± «= (r/ K ► a ri )1 
for potassium chloride and a± ** (u Bll + + i “*) * 
for barium chloride. 

Activity coefficients and activities arc most 
commonly obtained from measurements of vapor 
pressure lowering, freezing point depression, boil- 
ing point elevation, solubility, and electromotive 
force In certain cases they can also be estimated 
theoretically. As commonly used, activity is a 
relative quantity having unit value in some chosen 
standard state. Thus the standard state of unit 
activity for water in aqueous solutions of potas- 
sium chloride is pure liquid water at 1 atm. pres- 
sure and the given temperature. The standard 
state for the activity of a solute like potassium 
chloride is often so defined as to make the ratio 
of the activity to the concentration of solute ap- 
proach unity as the concentration decreases to 
zero. 

The relative nature of activity is shown also by 
iN formal definition os the ratio of the fugacity 
of the substance in the given state to its fugacity 
in the standard state or by its relation to the 
chemical potentials (/* and g°) of the substance in 
the given and standard states: p » -f RT In a 
</f is the gas constant and T the absolute tempera- 
ture ) An absolute activity (X) can be defined by 
m » RT In X, but this has not come into general 
use The variation of the activity of a species i 
with temperature is related to its relative partial 
molal he&t content (£,) by (a In aJbT)t>*n — 
(Lt/RT*). The influence of total pressure on ac- 
tivity is given by (a In a { /dP) r .N - VJRT where 
Vi is the partial molal volume of the species. 

Howard J. Kino 
f'ross- references : Electromotive Series , Solo 
tions, Ions, Coefficients, Debye-Hurket Theory 


ADDITIVES 

The term “additive" has come into general use 
in recent years as an inclusive name for a wide 
range of chemical substances which are added to 
various types of end products, usually in rather 
low percentage, to provide some unique property 
or to stabilize them against spoilage or dcterioni- 
tion. Though in a broad sense it could he inter- 
preted to mean "anything that is added" to a base 
substance (such as fillers, pigments, reinforcing 
agents, diluents, etc >,it properl} refers to special- 
purpose ingredients, such as antioxidants in rub- 
lter; degumming agents in gasoline; viscosity index 
improvers and pour point depressants in lubricat 
ing oils; fortifying ingredients (vitamins) in 
wheat flour; mold inhibitors, emulsifiers, protec- 
tive colloids, preservatives and other types of 
stabilizer in miscellaneous food products. An ex- 
haustive list of additives used in foods is given in 
the chapter by V X Frey in Hlanck’s "Handbook 
of Food ami Agriculture " lVrhaps the most 
widely known and used "additive" is tetraethyl 
lead in high octane gasoline to i educe engine 
knock, or detonation of the gas-air mixture in 
the cylinder head; less than one part in 1,0(X) part** 
of gasoline is sufficient. Methacrylate csteis and 
acrylic esters are added in small propoi tions to 
engine oils to help maintain proper viscosit \ 
Similarly, the use of only 0 25 per cent of phenyl - 
bctnnnphlhylaminc is sufficient to ictaid great l\ 
the oxidation of vulcanized rubber. 

"Additive" is a vague and not paiticulnrh use 
ful term, as it is so general as to be practically 
meaningless until pioperly qualified. The practice 
of using low percentages of antioxidants, stabi 
lizers and other preservatives had been in exist 
ence for many years before this word bernmc 
current. Though it is not precise, it probabK 
serves some purpose as a convenient general 
word to include the substances and uses men 
tioned above. However, it might be preferable to 
use the functional name wherever possible, i.c., 
antioxidant*' preservative, mold-inhibitor, anti 
knock agent . 

G. G. IIawlby 

Gross -references: Lubricat my Oils , Foods , (iaso 
line 

ADHESIVES 

Adhesives are substances used to bond or stick 
together two or more layers or units of other ma- 
terials. Several basic mechanisms explain this 
bonding action. In Home Instances, then* is evi- 
dence that chemical bonds are established involv- 
ing electron sharing, though more usually me- 
chanical considerations prevail. Mechanically, 
adhesives may depend upon a rough surface or a 
highly tacky adhesive demonstrating good re- 
sistance to high rates of shear. Whether the ad- 
hesive bond is due to c&emical or mechanical 
bond or a combination of both, high bond strength 
is also predicated upon high cohesive strength in 
the adhesive film— -in particular to the innate 
properties of the adhesive material. Thus the 
evolution of adhesives has paralleled the develop- 
ments of film-forming materials, notnblv thorn 
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which arc classified a* plastics materials. This 
includes high polymers of natural or synthetic 
origin. A review of hem films are formed explains 
in part how adhesives cure or set. 

(1) Evaporation of volatiles. Thermoplastic high 
polymers, in particular, where chain length has 
previously been established, form films on solvent 
evaporation, (iood adhesive bonds require sol- 
vent evaporation before assembly or through one 
of the adherends, which must be porous. As sol- 
vents arc* evaporated, latent catalysts may be- 
come effective and cross-link. Some polymers 
(rubber adhesives) rely on heat to effect complete 
cure. 

(2) Volatiles diffuse into porous adherend. Some 
adhesive formulations with solvents or matrices 
which possess high boiling points may bond on 
the diffusion of this volatile into a porous ad- 
herend. Aqueous dispersions or water solutions 
of adhesives develop good bonds in this manner. 
For example, sodium silicate solutions bond paper 
boxes effectively on the rapid diffusion of water 
into the porous paper stocks. 

(II) Polymerization processes form films. Mam 
synthetic resin adhesives form good adhesive 
films us ihe» '-ure in the presence of curing agents 
which catalyze or cross link the structure: epoxy 
resins, polyesters, furanes, phenolics, ureas, and 
most thermosetting polymers. Bonds to nonporous 
adherends arc most effective, particularly if poly- 
merization proceeds without formation of vola- 
tile by-products. Final cure and good adhesive 
st length depend in many instances upon the ap- 
plication of heat. Pressure is important only inso- 
far as it keeps adherends in close juxtaposition 
during cure and prevents formation of voids. 

Forma. As the adhesive is offered to industrial 
users, it may appear in various physical forms, 
including all necessary additives to make a good 
adhesive: (a) powders, which may be melted or 
dissolved; (b) solutions of film-forming materials; 

(c) dispersions of film formers (as rubber latices); 

(d) supported (reinforced) or nonsupported films; 

(e) meltable stocks or rods, (f) separate packages 
of resin compounds and curing agents. 

Phenol -Formaldehyde Resins. One of tin 1 
first successful synthetic resin adhesive groups to 
achieve industrial prominence, phenolics are ful- 
filling many applications. Luting compounds for 
electric light bulbs; bonding agents for grinding 
wheels; hot set, and waterproof adhesive for ply- 
wood are a few examples. Resorcinol -formalde- 
hyde has been singular ! y successful in ending 
w r ood products. 

llrea and Melamine Formaldehyde Resins. 

Both as resins and extenders for natural poly- 
mers, urea and melamine formaldehyde adhesives 
have been singularly successful in the plywood 
industry. Extended with cellulosic fillers and 
mixed with water, they have proved useful as a 
general purpose adhesive for porous paper uiid 
wood products. Compounded with necessary cur- 
ing agents they have cured to water-resistant 
bonds. 

Epoxy Resins. Reaction products of epichloro- 
dydrin and bisphcnols, have offered some of the 
most outstanding adhesives. With very low shrink- 


age during cure and excellent stability, they have 
demonstrated their quality in bonding glass, 
metals, and ceramics better than other adhesives. 
Blended with certain phenolics, they have out- 
standing bond strength at high temperatures. 
As pastes and laminating agents they are widely 
used to repaii metal and concrete structures. 

Polyester*. As adhesives for laminated poly- 
esters and as patching compounds for some ceram- 
ics, polyester adhesives enjoy limited ‘fields of 
applications. However, in coinbinarion with 
diisoevanates which can react oil available hy- 
droxy] groups, a promising group of adhesives 
exists. 

Poly urethanes. Diisocyanates and polyols 
show' promise as foaming agents as well as ad- 
hesives for wood and metul products. Up to now 
they have not been used extensively in the l\S. 

Natural Rubber. Natural rubber, both as a 
latex and in solution form and compounded with 
appropriate curing agents, has long served as an 
adhesive for industrial rubber goods and for the 
fiber and metal reinforcement in automobile tires. 
Blended with natural resins (rosin and rosin esters, 
for example), it forms excellent pressure sensitive 
adhesives, (leneral -purpose adhesives for a wide 
variety of products are based on lubber com- 
pounds. 

Synthetic Rubbers, (’hloroprene > neoprene) 
ami copolymers of butadiene with styrene and 
with acrylonitrile serve as replacements for natu- 
ral rubber adhesives and in addition provide 
some of the most outstanding metal bonding 
agents when modified w ith heat -curing phenolics. 
Both latices and solution forms are available. 
Rubber bonding agents are generally based on 
these materials and also find use in tile cements. 

Fnrunc Resins. Polymers based on furfuryl 
alcohol have found specialized widespread appli- 
cations in several industries. As cements for acid- 
proof bricks they are a bv-w'ord in the chemical 
in lustries. As bonding agents for laminated 
phenolics and high-explosive compounds, they 
possess unique characteristics. 

Asphultic Compounds. Compounds based on 
asphalt modified with synthetic natural resins 
are low* in cost and extensively used in large ap- 
plications such ns building construction (roofing 
compounds and sealants) and in setting floor tile. 

Thiokol Compounds. Perhaps less valuable as 
an adhesive than as a sealant, “Thiokol” com- 
pounds w'ill form waterproof bonds in metal tanks 
and containers and must always be considered in 
these fields. 

Poly vinyl Acetate. Polyvinyl acetate emul- 
sions have been recognized as outstanding thermo- 
plastic adhesives for porous bodies, including 
w'ood. They are also used extensively as sprayed 
acoustic insulation cement, setting tiles, and in 
bonding miscellaneous materials where the w’ater 
vehicle may be dissipated. 

Shellac. Shellac has been useful as a laboratory 
repair adhesive, particularly in combination with 
rosin. Heat -meltable formulations are usually 
used. 

Cellulose Nitrate. Many formulations find 
plasticized cellulose nitrate dissolved in solvents 
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Typical Industrial Applications 


Application 

Plywood Interior 
Manufacture 
Plywood Kxt e rior 
Manufacture 
Bonds to Glass and 
Ceramics 

Chemical Resistant 
Bricks 

Metal to Metal 

Metal to Metal 

Rubber to Metal 

Paper Labels 
Adhesive Tapes 

Asphalt and Rubber 
Floor Tiles 
Thermo* plastics to 
Themselves 


Suggested Adhesives 

Casein, Soybean Protein, 
Blood Albumin, Urea 

Phenolic and Melamine 

Kpoxies 

Furnnes 

Kpoxies and Rubber Ce- 
ments 

Phenolic Modified Rubbers 
and Kpoxies 

Rubber Cements and Some 
Kpoxies 

Dex trins, Gum Arabic 

Modified Rubbers, Poly- 
isobutylenes 

Asphaltic Compounds 

Solvent Cements or Heat 
Welding where possible 


to be useful as a repair cement. Household uses 
and a few industrial u*es find cellulosics valuable. 

Animal due. The extraction of useful glues 
from the hide and bones of cattle has been prac- 
ticed for many years. Wood and paper products 
still continued to be served by these materials. 

Prolein Compounds. Casein and soybean pro- 
tein adhesives preceded the synthetic resin types 
and I avc proved useful on porous ad he rends. 
Then is still considerable activity involving the 
use of these materials, particularly in soybean 
adhesives for plywood manufacture. 

Gum Arabic and Gum Tragacanlh. Long 
standbys as moist enable adhesives for paper 
labels, these natural resins are soluble in water. 

Siarch. The chemistry of starch has growm in 
recent years and today many types have adhe- 
sive uses, particularly on labels and paper prod- 
ucts. 

Sodium Silicates. Whether the bonding of con* 
sands for foundries is involved or the adhesion of 
corrugated paperboard is necessary, sodium sili- 
cate adhesives find useful application. 

Litharge-Glycerine. Pipe fittings bonded with 
litharge -glycerine pastes have been a favorite of 
plumbers for years. Kase of setting and pernmnent 
bonds are formed. 

Ilydruted Crystal Structures. Magnesium- 
oxychloride, Portland cement, and Keene's cement 
must be considered as another major group of 
inorganic bonding agents. Flooring cements, elec- 
trical insulating compounds, and grouting com 
pounds rely on these inexpensive inorganics. 

John Delmontk 
Cross-references: Plastics , Rubber , Binding 
Agents 


ADSORPTION 

When any gas is brought in contact with any 
solid under the right conditions of temperature 
and pressure, the gas molecules are said to be 


adsorbed on the surface of the solid. A common 
examplo is the adsorption of gases by activated 
charcoal. The solid is called the adsorbent; the 
adsorbed substance iB called the adsorbate . Ac- 
tually, either liquids or solids can act as adsorb- 
ents. Furthermore, adsorbates can be gases, 
liquids, Holutes, or solvents. The most studied and 
best known examples of adsorption are gas-solid 
and liquid-solid systems. These will receive most 
attention in this discussion. 

If the adsorbate molecules are held exclusively 
at the adsorbent interface, the process is called 
adsorption ; if they penetrate into the interior of 
the adsorbent, the process is called absorption. 
In this connection the walls of capillaries, cracks 
and crevices in the solid are still considered as 
being part of the surface, (sometimes called the 
“inner surface"). Penetration into the actual 
lattice structure of the solid or into the interior 
of a liquid adsorbent must take place before the 
process is called absorption (See Absorption). 

The picking up of a gaH or liquid by an adsorb- 
ent is sometimes referred to as “sorption" when 
one does not wish to specify, or does not know r 
whether a given process iH adsorption or absorp- 
tion. 

Gas-Solid Adsorption. The adsorption of 
gases on solids has been found to fall into conven 
ient classifications, known respectively as physical 
and chemical adsorption. Physical adsorption is 
so named because presumably it occurs through 
tin’ operation of physical or van der Waals forces 
between the solid absorbent and the adsorbate 
molecules. As one would expect, the extent of 
physical adsorption by a given soliil w ill be related 
to the boiling point of the adsorbates rather than 
to the chemical nature of either t lie-solid or the 
adsorbate. Chemical adsorption differs from 
pji.vsical adsorption in that it depends on chemi- 
cal bond formation between the adsorbent and 
the adsorbate. Chemical adsorption is therefore 
highly specific. For example, the noble gases are 
not chemisorbed by any known solid because 
they cannot form adsorbate -adsorbent chemical 
bonds. Similarly, O* or \ 2 at room temperature 
would not be expected to chemisorb on a rela- 
tively inert solid such as silica gel, but would be 
expected to chemisorb on reactive materials such 
as iron cat alvsts. 

Physical Adsorption. The phenomenon of phys- 
ical adsorption has been recognized for many 
years. However, because* of the absence of any 
method for measuring surface areas, considerable 
confusion exists in much of the early work as to 
the thickness of the adsorbed layers. At the pres- 
ent time, with the help of new methods (Sec 
BKT Theory) for measuring surface areas of 
solids, it is possible to state witlj fair certainty 
that physical adsorption may euftisist of mono- 
layers, multilayers, or condensation of the ad- 
sorbate as a liquid in tiny capillaries of the ad- 
sorbent; *ndced it may involve all three of these 
forms at one time. In all cases, however, it is well 
to keep in mind that physical adsorption is closely 
related to condensation in that it involves physi- 
cal forces operating between the adsorbate mole- 
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cules and between the adsorbate and the adsorb- 
ent. 

A survey of the literature a number of years ago 
indicated that all physical adsorption could be 
expressed by one of five types of adsorption iso- 
therms or plots of the volume of gus adsorbed 
against pressure. These live isotherms types are 
shown in Figure 1. Type 1 is characteristic of 
physical adsorption of vapors in solids, the pores 
of which are so small as to prevent the building 
of layers thicker than a single layer. The adsorp- 
tion of most vapors (particularly nonpolar) on 
charcoal yields isotherms of Type I. If the physi- 
cal adsorption can build up indefinitely thick 
multilayers at sufficiently high relative pressures 
isotherms of Type 11 are obtained. These, have 
proved to be very useful (See IJET Theory) for 
measuring surface areas of finely divided or por- 
ous solids bv an adsorption method. If the heat 
of adsorption of a gas or vapor is less than the 
heat of liquefaction, isotherms of Type 111 arc 
observed. The adsorption of water vapor on 
graphite or on do-oxygenated carbon black is of 
this tvpe. If a solid has pores in a medium size 
range (20 to 5(K>A in diameter, for example) they 
yield adsorption isotherms of Type IV, which 
presumably represent a combination of mono- 
layer adsorpti'e. multilayer adsorption and 
capillary condensation Silica alumina catalysts 
oi the type used for cracking hydrocarbons to 
form gasoline usually .yield this type of isotherm. 
Finally, if the heat of adsorption is small, solids 
having small pores will yield isotherms of Type 
V. This can be illustrated bv curves for the ad- 
sorption of water vapor on charcoal 

Space does not permit a detailed discussion of 
the thermod\ nanucs of physical adsorption. It 
will peihaps suffice to point out two things. To 
begin with, Miice the adsorption of a gas on a solid 
involves a flee energy decrease and an entropy 
decrease it follows that adsorption of a gas on a 
solid is always exothermic. Secondly, the isosteric 
heat of adsorption can be calculated from adsorp- 
tion data bv the Clausius Clnpeynm equation 



where pi and pi are the adsorption pressures re- 
quired to cause a given volume of gas to be ad- 
sorbed at temperatures 1\ and Tz , respectively. 
For Types I, II, and IV isotherms the heat of 
adsorption is frequently 50 to 100% higher than 
the heat of liquefaction; whereas, for Types III 
and V it is equal to or less than the heat of lique- 
faction of the adsorbate. 

One other factor related to the thermodynamics 
of physical adsorption should lie mentioned. In 
the past it has seemed reasonable to base all 
derivations on the assumption that the solid itself 
is not influenced by the physical adsorption. 
But recent experiments by Yates have show r n 
that the adsorption of certain gases such as nitro- 
gen, argon, and krypton at — 195 °0 on a sample 
of porous glass causes a considerable expansion, 
even for a small fraction of a monolayer of ad- 
sorbed gas on the gloss. Other gases cause sharp 



Flo. 1 . Types of physical adsorption isotherms 
(taken from section on BET theory). 


contraction with small coverages and expansion 
with large coverage. Clearly then, a detailed 
treatment of physical adsorption will have to in- 
clude a consideration of chunges both in the solid 
absorbent and in the adsorbate. 

Th«» study of physical adsorption has received 
added attention since the discovery of evidence 
for the existence of inultimolccular adsorption. 
S-shaped adsorption isotherms obtained, using 
Nj as adsorbate and iron synthetic ammonia 
catalysts as adsorbents, seemed most easily in- 
torpretable as representing the building up of 
multilayers at the higher relative pressures. 
Actually, it appeared that the low pressure end 
of the long linear part of such an isotherm (desig- 
nated as “Point B") corresponded to a statistical 
monolaver of adsorbed gas. This led in turn to 
the suggestion that one could calculate the area 
of a solid by merely multiplying the number of 
molecules adsorbed at Point B by a value for the 
cross-sect iovMil area of the adsorbed nitrogen 
molecule \ 2 A* is usually employed). A theoreti- 

cal frentmeir of the S-shaped isotherms soon led 
to an equation known as the BET (Drunauer- 
Emmett-Teller) equation for obtaining the volume 
of gas in a monolayer and hence the surface area of 
the solid adsorbent (see BET Theory). 

Capillary condensation, another component of 
physical adsorption, is of particular interest be- 
cause of information it can give about pore size 
and pore size distribution of tiny capillaries in 
porous solidH. The Kelvin equation 

p 2 <rY eos 0 

ln ^ = “ iHT- 

was derived in 1871 to show the relation Iwtween 
r, the radius of a capillary; p/p 0 , the relative 
pressure of the vapor in the capillary; T , the 
temperature; V , the molal volume of the ad- 
sorbate; a the surface tension of the adsorbate, 
and $ the angle of wetting of the capillary by the 
liquid adsorbate. It expresses the fact that the 
pressure p above a liquid condensed in a capillary 
is less than the vapor pressure po of the bulk 
liquid. Zsigmondy was the first to apply this 
equation to show the relation between capillary 
condensation and pore size. His calculations in- 
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Flu 2. Nitrogen adsorption-desorption iso 
therms for a silica alumina cracking catalyst as 
obtained by Rica and co-workers 


volved u number of assumptions but were goner 
alb considered to furnish at least a semiquan- 
titative estimate of pore size and distribution. 

Soon after the existence of multiniolecular ad 
sorption was established, Wheeler called attention 
to the possibility of modifying the Kelvin equation 
in such a way as to improve the accurac\ of pore 
size estimates. Specifically he recognized that 
the evaporation of capillarity condensed liquid 
from a given pore at its equilibrium pressure p 
would leave a multilayer adsorbed on the capillary 
wall. The pore size calculated from the desorption 
curves of an adsorption -desorption isotherm such 
as is shown in Figure 2 would then give a capillary 
radius r smaller than the true radius r <. by the 
thickness of the multilayer left on the walls. 
Methods have been worked out for taking multi- 
layer adsorption into consideration and calculat- 
ing from desorption isotherms the pore size and 
pore size distribution for capillaries in porous 
solids. 

In summary then, one can say that new' uses fur 
physical adsorption have been found in the form 
of n new tool for measuring both the surface area 
of finely divided solids and the surface area, pore 
size, and pore size distribution of porous solids. 
In addition, it finds traditional use as the means 
by which adsorbents such as charcoal can lx* used 
in gas masks for removing poisonous gases from 
a stream of air or in commercial apparatus for 
solvent recovery and for air conditioning. Another 
rapidly growing use for physical adsorption is in 
the field of gas chromatography that is now* being 
employed for analyzing a variety of gases. 


Chemical \dsorpt ion. Chemical adsorption 
partakes of most of the properties of chemical 
reactions. It occurs only under conditions in 
which on chemical grounds incipient bond forma- 
tion Ix'twcen adsorbate and the adsorbent would 
be expected. It evolves an amount of heat that is 
usually in the range encountered in chemical 
reactions (5 to 1(M) keal per mole of adsorbate in 
most eases). Furthermore, chemical adsorption 
is often slow and temperature sensitive. Knergies 
of activation for chemical adsorption are fre- 
quently in the range 10 to 20 krai per inolc Oc- 
casionally, however, chemical adsorption or 
chemisorption, as it is sometimes called, occurs 
instantaneously. This is true, for example, of the 
chemisorption of carbon monoxide on iron cut a 
lysis at — 1 95 °C The heat of t hin adsorption is ns 
high as 25 krai per mole, but the energy of aelivn 
tion is so low as to be practically unnicasurcable. 

Multilayer chemisorption is, by definition, as 
sinned not to exist If an adsorbate is taken up 
chemically in quantities in excess of a nionohiyei . 
it is assumed to have leneted with at least some 
of the underlying layers of the solid and no longer 
represents chemisorption in the strictest sense of 
th( i word 

Although it is realized that an energy of activa- 
tion is frequently involved in chemical adsorption, 
it is also recognized that extreme care must be 
used in calculating it. The difficulty can perhaps 
be best explained with the help of the adsorption 
isobar (a plot of the volume of gas adsorbed 
against temperature at constant pressure) for 
hydrogen on an iron catalyst promoted with AljO* 
and K 2 (>. Such a plot is shown in Figure 3. Types 
A and 13 are tyyo different kinds of chemical ad 
sorption of hydrogen. It is evident 'That any heat 
values obtained bv applying the (Mausius-Clapey 
s ron equation to adsorption data taken partly 
from type A and partly from Type 13 would l>e of 
little significance. Only yyhen the data are taken 
from isotherms for a single type of adsorption 
can calculated energies of activation be considered 
as even approximately correct. Actually, there is 
no ussurance that only two types of chemisorption 
cun exist between un adsorbate and a solid. In- 
deed, on iron catalysts promoted with A1 2 Oj , a 



Fiu. 3. Adsorption isobar for hydrogen on an 
Fe-K *( )- A1 aOi catalyst at a prcsBMrc^fJ^tmos- 
phere. The type of chemical 
from about —100° to 0°C is cj 
sorption; that occurring at anj 
type B adsorption. j 
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third typo of chemical adsorption of hydrogen 
(called Type C) has recently been found to exist 
in the temperature range* — J00 to — 105°C. Fur- 
thermore, there is ample evidence that chemical 
adsorption behaves as though the surface were 
heterogeneous. Originally it was suggested by 
Taylor that solid catalysts functioned through 
a number of “active centers” and that these active 
ceuters comprised a collection of surface atoms 
covering a wide range of energies of activation 
and heats of adsorption. Modern concepts suggest 
that these “active centers” maj' not uctually 
represent fixed positions on a surface but may be 
continually created and destroyed as a result of 
electron motion within the solid attending the 
chemisorption of molecules on the surface. The 
difficulty therefore of calculating significant 
energies of activation or heats of adsorption for 
the chemical adsorption of guM*s on solid should 
be evident. 

Chemical adsorption is important chiefly be- 
cause it is one of the essential steps in catalytic 
reactions (see Catul>sis) It is generally believed 
that at least one of the reactants of a catalytic 
reaction has to be chemically adsorbed during 
i eaction. A second application of chemical ad 
sorption is its use in obtaining estimates of the 
fraction of the wi^face of certain metallic catalysts 
composed of metal atoms. Thus, for example, iron- 
Miithetic ammonia catahsts containing a few 
per cent of aluminum oxide and potassium oxide 
as promoters appear to have about one third of 
their surface covered with iron atoms and the 
other two thirds with the promoter molecules 
This can be established h\ comparing the chemi- 
sorption of carbon monoxide with the volume of 
nitrogen icquiied according to the RET theory to 
cover the cutiie surface of the catal>st. 

Until recently no means existed for telling in 
detail the properties of molecules chemisorbed on 
the surface of a catalyst . Recently an important 
step has been taken toward obtaining more de- 
tailed information about the exact nature of the 
binding of molecules on solid surfaces. Eiscliens, 
Pliskin and Francis have succeeded in obtaining 
the infrared absorption spectra of carbon monox- 
ide chemisorbed on the surface of metals such as 
Fe, Ni, Co, Ft, Pd, and Cu. The tiny metal crys- 
tals, in turn, are supported on finely divided silica. 
The absorption spectra of the adsorbed molecules 
seem to differ from the spectrum of gaseous carbon 
monoxide in all instances; there is at least a sug- 
gestion that the spectra are especially different 
for those catalysts that arc most effective in 
catalyzing reactions involving carbon monoxide 

Adsorption from the Liquid Phase. Adsorp- 
tion in the liquid phase is perhaps even more im- 
portant Ilian adsorption of gases on solids. It ap- 
parently is an essential feature of many colloidal 
processes that play a part in plant and animal 
growth. However, the systems gas-liquid, liquid- 
liquid, and liquid-solid which comprise this typo 
of adsorption are much less u ell understood than 
the simpler gas-solid adsorption. Accordingly, 
only a few generalities in regard to such systems 
will be covered. 

Systems in which a single liquid phase exists 


may involve adsorption either of gases or of a 
dissolved substance on the surface of a liquid. 
Relatively little is know'n about the first of these 
two because of the experimental difficulties en- 
countered. Mercury appeurs to cover itself with 
gases or vapors at room temperature to form ap- 
proximately a monolayer. The surface tension of 
the mercury is lowered somewhat in the process, 
the extent of lowering being probably in the range 
5 to 10%. 

Solutes frequently tend to concentrate in the 
surface of a solvent in which they are dissolved. 
Those which are thus adsorbed at the surface are 
said to be “surface-active” As a rule such materi- 
als lower the surface tension of the liquid in the 
process of being adsorbed at the surface. The well 
known Gibbs’ equation is an expression of the re- 
lation between the change in the surface tension, 
<r, and the excess number of solute molcculeB pres- 
ent in each square centimeter of the surface, P. 
The equation may be written in the form 

— rda 
r “ iti'iic 

whore c is the concentration of the solute in the 
bulk of the liquid, R is the gas constant, and T 
is the temperature. As is evident, the concentra- 
tion in the surface will be greater than that in 
bulk only if dcr/dc is negative; the excess will Iks 
negative (corresponding to the dissolved mole- 
cules tending to concentrate in the bulk of the 
liquid with the formation of a surface composed 
largely of solvent molecules) if the change in 
surface tension with concentration is positive. 
Much experimental work has been done in an effort 
to confirm the Gibbs* equation experimentally. 
Many of the data conform w T cll to the equation. 
Other data do not seem to follow it too well. For 
the most part, however, it is recognized as one of 
the basic adsorption equations in liquid-gas and 
liquid-liquid t ''stems. 

Liquid-liquid systems resemble pure liquid sys- 
tems in respect to adsorption of dissolved sub- 
stances at the interface. The general rule in this 
case is that substances tending to lower the inter- 
facial tension between two liquids will be adsorbed 
at the interface, w'hercas substances which raise 
the interfacial tension will stay dissolved in the 
liquid phase and will not concentrate at the inter- 
face. 

Liquid-solid systems arc of special interest 
though they arc less well understood than liquid- 
gas systems. Perhaps the most important charac- 
teristic of the adsorption of solutes from liquids 
onto solids is the fact that such adsorption is 
necessarily highly competitive between the mole- 
cules of the solvent and those of the solute, and 
it will therefore depend upon the properties of 
the solute, Ihe solvent and the adsorbent. 

Two special applications of adsorption from the 
liquid phase should be mentioned because of their 
utility in modern chemical technology. These are 
chromatography and ion exchange. 

Chromatography involves the preferential ad- 
sorption of components from a solution during 
passage of the latter through a column of finely 
divided solid. Each separate component because 
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of its own unique adsorptive properties collects in 
the column as a hand. These hands can be removed 
in various wayB with the recovery of the pure 
adsorbate. Commonly the various bands are eluted 
from columns hy passage of a solvent that is more 
strongly adsorbed than the dissolved components. 
This valuable application which has now liecomc 
a standard tool in organic chemistry is hut another 
illustration of the importance of adsorption from 
solutions (See Chroma tograpli} ). 

Ion exchange iH a special phenomenon some 
times included in the general meaning of the word 
adsorption. When ionic solutions arc passed over 
certaiu types of adsorbents, the cations or anions 
from the solutions can be made to exchange with 
the cations or anions on the adsorbent. Thus the 
process can be made to remove a particular ion 
from solutions in much the fashion in which dis- 
solved components are removed in chromatog- 
raphy. This procedure is commonly used in water 
softening. Zeolites or resinous ion exchangers can 
be prepared that will, for example, remove calcium 
ions from a solution and replace them w ith sodium 
ions, hydrogen ions or some other harmless ion 
from the solid ion exchange agent. The procedure 
is really a surface-chemical reaction, since it does 
not involve the simultaneous removal of both the 
cations and anions from solution but only a re- 
placement, in this example, of one cation by 
another. (See Ion Exchange). 

l\u’L II. Kximktt 
Cross-references: ('at ah/six, Absorbents, Suifar 
tants , Chromatography, Carbon ( Activated ), BET 
Theory 


AEROSOLS 

Aerosol* are particles of solid or liquid sus- 
pended in a gas phase. Water fogs, salt* from* 
evaporation of ocean spra\, and volcanic ash arc 
examples of aerosol systems of natural origin; 
those of man-made origin arc innumerable. Their 
properties are of interest when* it is desired (1) 
to produce and stabilize them for technological 
reasons, (2) to suppress their formation or, (8) 
to destroy them by separating the particle from 
the gas phase. 

Aerosols may he produced by simple mechanical 
dispersion of powdered materials, by condensation 
of vapors in cooling below' tin* dew' point (liquids) 
or the snow' point (solids), bv combustion pro- 
cesses (c.g., smoke), or hy atomization of liquid 
suspensions of solids or of liquid solutions followed 
by evaporation. The last process is exemplified by 
various commercial products for domestic con- 
sumption, e.g., insecticides, a development, in- 
cidentally, that has popularized the term “aero- 
sol" and sometimes distorted its scientific 
meaning. 

The method of formation markedly affects the 
degree of dispersion of the resulting aerosol. Me- 
chanical dispersion of powder in a blast of high 
velocity air is sometimes quite ineffective in com- 
pletely breaking up aggregates into their entities. 
The efficiency of methods involving atomization 
of liquids is dependent on the concentration of 


solids in the liquid and on the size of the droplet 
resulting from atomization, since these factors 
determine the chances of any droplet which is to 
evaporate containing more than one particle. The 
atomization of liquids in a high velocity air stream 
results in droplets whose minimum average diame- 


ter is given by d m 
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where fl m is diame- 


ter in microns, a is liquid surface* tension in dynes 
per cm. and p its specific gravity. The extent to 
which this size is exceeded is dependent on the 
relative quantity How of liquid and air as well 
as on the physieal properties of the liquid. 

Aerosols of uniform particle size can be formed 
by volatilization of a suitable liquid and subse- 
quent condensation but care must be accorded to 
such critical factors as vaporization rate, tempera- 
ture, gas flow rate, formation and introduction of 
condensa t i on n i lclei . 

Aerosols ore inherent lv unstable iti contrast to 
hvdrosols, the degree of stability being determined 
principally by the concentration and particle size 
characteristics. Concentration is important as it 
determines the rate of coagulation. For the special 
case w’horo all particles arc of ncaih uniform size, 


the resulting decay rate - tr .V*, where A is num- 
(tt 

her concentration and t is time. The rate is inde- 
pendent of particle size except for smaller parti- 
cles which approach the dimensions of the* mean 
free path (approximateh 0 J inieion at noimal 
temperature and pressuic) Vt a concentration of 
10 5 particles of uniform size per cubic centimeter 
about one-tenth of the pa (tides would coagulate 
in one hour. 

Sedimentation of spheiical particles bv gravity 
occurs at velocities determined b\ Stokes' Law, 
which is applicable without excessive oiror also 
to most irregular lv shaped particles At oidinary 
air temperature and pressure the terminal settling 
velocity is given bv u t * 3 X 10 * Zd m 2 . where u t 
is velocitVi.in cm per see., Z is specific gravity 
and dm is particle diameter in microns. This ex 
pression is limited in application to particles 
smaller than 50-100 microns; and below about 1 
micron the value is increased somewhat due to 
the Cunningham mean free path correction. 

Aerosol systems are also subject to other de- 
structive forces- convection, Brownian diffusion, 
thermal repulsion and photophoresis. Convection 
currents transport pot t ions of the gas continu- 
ously to points adjacent to solid surfaces, such as 
container w-alls, where Brow nian motion ojicrates 
to drive particles through the adjacent gas layer 
for deposition on such surfaces. Particles nun 
pended in gas which is at a higher temperature 
than a nearby surface will migrate toward the 
cold surface at a rate which i| proportional to 
(IT 

, , w’here T is temperature atid x is distance. 
dr 

Motion of small particles is also induced by the 
little understood process o t photophoresis, 
w-herein the particles migrate along the axis of 
an intense light beam, usually away from the 
source. 
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No surface protective 1 agents arc known, unalo- 
gouH to the protective colloids of hydrosols, which 
will stabilize hydrosols against these various 
processes. Stability is enhanced only by small 
particle size, a high degree of dilution, minimum 
enclosure surface per unit volume and uniform 
temperature conditions. 

Varying degrees of electric charge are acquired 
by aerosol particles in various circumstances, but 
it is not believed that they have any important 
influence on coagulation of particles. This phe- 
nomenon, however, has not been studied thor 
oughly. Interaction between charged particles 
and nearby surfaces does occur, however, at 
measurable rates, but the knowledge on this 
phenomenon is limited ami rests on an empirical 
base. 

Separation of the particles from the gas can be 
effected with varying degrees of efficiency and 
energy requirement by exploiting inertial charac- 
teristics (as in centrifugal devices and coarse 
filters for removal of particles larger than 5-10 
microns), by electrical precipitation, by the dif- 
fusion due to Brownian motion (applicable to 
filtration of particles smaller than about mi- 
cron), by electrostatically charged filters, by 
arrangements causing thermal precipitation, as 
well as by spirit . * oagulation in conjunction with 
one of the inertial processes. All of these have been 
applied both to large scale air and gas cleaning 
and to instruments for measurement of concen- 
tration except thermal precipitation which has 
been confined to iiistiumental applications. 

Measurement of the weight concentration of 
the typical aerosol of heterogeneous size distribu- 
tion inevitably emphasizes the concentration of 
the largest particles of the size spectrum, indicat- 
ing little or nothing of the quantity of the smallest 
particles present in the mixture. For this reason 
care should be exercised to insure that a weight 
determination is properly suited to the purposes 
of the measurement. Such a determination can be 
made by operation of gas sampling apparatus 
which effects a separation of the aerosol particles 
from the gas phase by filtration or by electrical 
precipitation, both providing high efficiency. 
Separation by high velocity impingement of the 
gas stream onto an adhesive -coated plate (impac 
t ion), by centrifugal separation apparatus or by 
liquid bubblers is generally limited to particles 
larger than about 5 microns unless the apparatus 
is of special design. 

Size characteristics of aerosols of uniform par 
tide size can be determined effectively by meas- 
urement of their light-scattering properties, law. 
of which have been well developed. The more usual 
aerosol of heterogeneous size properties can be 
effectively studied optically only by empirical 
methods involving measurement of light scatter- 
ing. Various systems are available for the pur- 
pose, ranging from low sensitivity arrangements 
which merely indicate reduction in quantity of 
direct light transmission, to highly sensitive 
photomultiplier systems which measure forward 
or lateral scattering and are sensitive enough to 
measure difference in light scattering of gas 
molecules. 


Aerosol particles range over a broad band of 
sizes with indefinite limits. Technological inter- 
est has been largely confined to those within the 
range 0.1 to 100 microns diameter, depending on 
the nature and time scale of the phenomenon. Con- 
cern with optical phenomena is pretty much lim- 
ited to those particles whose diameter is less thun 
about 10 microns; inertia and sedimentation an* 
of primary interest in application to particles 
larger than 5 or 10 microns and consideration of 
coagulation applies principally to particles below 
1 micron mainly because gravity sedimentation 
greatly predominates for larger particles. 

W. C. L. Hkmeon 
Cross -references: Air Pollution , Colloid Chem- 
istry , Pesticide Sol, Precipitation (Stokes Law), 
Brown ion .1 / of ion . 


AGRICULTURAL CHEMISTRY 

In the latter part of the 19th century and the 
first part of the 20th, the term “mechanization of 
agriculture” was heard throughout the country. 
It made possible the feeding of a very rapidly ex- 
panding population. It provided this greatly 
expanded population with more crops, better nu- 
tritional values, improved health, greater life 
expectancy, etc. In more recent years a new term 
has come into rather widespread use: “chemical- 
ization of agriculture”. Again the net result has 
been Ihe same still greater quantities of food, 
feed, and fibers for an increasing population and a 
rapidly expanding industrial economy. 

What is agricultural chemistry? Donald K. II. 
Frear, editor of the two-volume treatise “Agricul- 
tural Chemistry” in the preface to Volume I, 
defines it in its broadest sense* as a field that em- 
braces every phase of chemistry as it is related to 
the growim* and processing of economic plants and 
animals. Tin field of agricultural chemistry is one 
that continues to broaden at an almost unbe- 
lievable pace. This has been particularly true of 
t he past e*'Uple of decades, in w hieh many brilliant 
minds have researched in the fields of fertilizers, 
pesticides, plant regulators, etc. 

The history of the use of natural manures to im- 
prove soil conditions is lost in antiquity, lu the 
Western Hemisphere early settlers found the In- 
dians following the practice of placing a fish head 
near each stalk of corn. Obviously our ancestors 
employed decaying organic matter as a fertilizer 
to stimulate plant growth but did not understand 
the scientific principles involved. Nevertheless, 
this crude understanding of w'hat happened when 
organic matter w'as added to the soil in helping to 
grow more* and better food, feed and fiber, was the 
beginning of the “chemicalization of agriculture”. 

Four momentous discoveries of latent natural 
resources made possible what, for the lack of a 
better term, must be culled “commercial fertili- 
zer”. One such discovery was the finding of the 
rather limited guano deposits on a barren island 
off the west coast of South America. Still another 
was the uncovering of the vast Chilean nitrate 
deposits; u third, the more or less accidental dis- 
covery of potash salts in large quantities in cer- 
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tain parts of Western Europe. In this series also 
was the discovery of large phosphate deposits in 
many parts of the world, including Florida, North 
Africa, on one or two island in the Pacific, in the 
State of Tennessee, and in more recent years in 
one or two of the western states. 

Thus at long last chemists had at their command 
reasonably adequate supplies of the three basic 
essentials of a fertilizer nitrogen, potash, and 
phosphate. These four discoveries did much to 
overcome the belief of many in the Malthusian 
theory, to the effect that the population of the 
world would quickly outstrip the world’s ability 
to grow' sufficient food to prevent wholesale starva 
tion. 

The story of the fixation of nitrogen from the 
air lias been told many times, and need not be re- 
peated here. Sufficient to say that the world’s 
complete dependence on natural organic materials 
and guano and C’hilean nitrates ceased to exist 
after the great German chemist and chemical 
engineer Haber demonstrated that by use of ehem 
ical technology nitrogen could be “harnessed” 
and made available for agricultural purposes in 
unlimited quantities. The Haber process is not the 
only method employed for the fixation of nitrogen, 
but in modified forms it is today the most which 
used method employed throughout the world. Tin* 
so-called “cyanamid” process is used rather ex- 
tensively in some parts of the world a process 
actually developed prior to the perfecting of the 
Haber process. 

4 he volume of food, feed and fiber produced de 
pends not only on the soil conditions under which 
these crops are grown, but likewise is dependent 
upon the success that man has in thwarting 
ravages caused by innumerable pests and fungi. , 
The volume also is related to man's success in de 
stroying rodents ami other pests that eat or de- 
stroy crops after being harvested. 

For many years pesticides and fungicides were 
limited almost exclusively to inorganic com 
pounds, such as the various arsenates, copper 
sulfate, Paris green, etc. Perhaps the most widely 
used organic pesticide in the past was nicotine 
sulfate. In more recent years a whole flood of new- 
organic pesticides, fungicides, etc., have t>een de- 
veloped, w'ith new ones being added with almost 
bewildering rapidity; these have completely revo- 
lutionized the fanner’s ability to cope w'ith the 
ravages and plant diseases caused by insects or 
fungici. 

Today the term 4 ’agricultural chemistry” en- 
compasses a very wide variety of interests in the 
use of fertilizers, pesticides, plant regulators, etc. 
Chemists, biochemists, agronomists, soil scien- 
tists, entomologists, physicists, and a host of other 
professions are exploring the very basic concept of 
plant growth. This is equally true in the area of 
animal chemistry. It is a reasonable expectation 
that from this reasearch will come tremendous 
changes. The result, of 4 ’chemicalization of agricul- 
ture” will he much more profound and far-reach- 


ing than those caused by the ’'mechanization of 
agriculture”. 

Certainly one very direct result that we are 
seeing is the trend towards larger and larger farm- 
ing units. More and more agriculture is becoming 
a specialized form of industry rather than a tra- 
ditional way of life. Both the ’’mechanization of 
agriculture” and the “chemicalization of agricul- 
ture” tend to bring about more scientific approach 
to the growing of food, feed, filler and animals. 
This materially leads to “centralization” of these 
efforts 

Wm.tkr .1. \1 riipii y 

Crus* -references: I'eshvult. w, Haber, Chemunjif 


AGRICULTURAL RESEARCH INSTITUTE 

The Agricultural Board was conceived to em- 
body scientific leadership in agricultural policies 
and practices. The Agricultural Research Institute 
was conceived as an organization to support the 
Agricultural Board financially anti to provide the 
mechanism for exchange of information and view- 
point between industrial and agricultural .scien- 
tists. 

Members and officers of the Agricultural Board 
are appointed bv the National Research Council. 
Membership of the Agricultural Research Insti 
lute is composed of oigani/atious who have ap 
plied and been accepted for membership and who 
designate individuals to represent them. Officers 
of the Institute are elected by tin* iepresentatives 
■of member organizations as specified in the bv 
laws Neither controls the other, Iftlt lines of com 
munieation arc open through a joint seeietanal 
stall employed by the National Research (’ouncil 

(I) It enlists the scientific! talent of govern- 
ments, industry, and the universities for member 
ship on committees competent to comprehend the 
broad problems of agriculture and determine the 
order of priority for attacking them. (2) It collects 
facts and evaluates existing knowledge in relation 
to probable results of present policies or practices 
in agriculture. (3) It objectively surveys and cor 
relates trends in present, research in relation to 
neglected areas most likely to yield profitable 
longtime results. (4) It disseminates knowledge 
and expedites the transition of research discovery 
to applications in agricultural and industrial 
operations, governmental policies, or socio- 
economic affairs of a population increasingly de 
pendent on technology. 

(1) It provides funds for the effective function 
ing of the Agricultural Board. (2) It keeps the 
Agricultural Board alert to the multitude of forces 
that determine the course of industrial develop 
ment in fields w'hicli arc directly or indirectly re- 
lated to agriculture, provides information, and 
suggests pertinent problems for review. (3) It 
disseminates among its members the judgments 
and resultant implications and applications of the 
Board’s activities. 
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AIR 

The atmosphere, or sir, is the gaseous envelope* 
that surrounds the earth and even penetrates into 
it to some extent. Air is a mixture because: (1) 
The composition of air varies slightly, more than 
can be accounted for by experimental error; the 
composition of a compound, on the other hand, 
is constant. (2) Air has the boiling points of its 
several components, and not one single boiling 
point at a given pressure. Compounds have one 
single boiling point. (3) When air containing 21 
per cent oxygen by volume is dissolved in water, 
and the air is later removed from the water, the 
percentage of oxygen recovered in the resulting 
gas is 35 per cent. If air were a compound there 
would be no change in composition upon dissolv- 
ing and recovering. (4) When air dill uses through 
a porous membrane or piece of porous porcelain, 
the lighter nitrogen molecules pass through more 
readily than the heavier ovvgen molecules The 
resulting air changes in composition \ compound 
shows no change in composition aftei such a dif- 
fusion These facts are all evidence that air is a 
mixture and not a compound. 

Analysis of air is usually made after it is fieed 
from solids sueh as dust, spoies, and bacteria, and 
water vapor. The following is a lepiesent alive 
composite a h„d . < - of d?\ air 


Subst IIH V 

' , l>\ \\ ( iicht 

' , l»\ Volume 

Nitrogen, \a 

75 53 

7.S 00 

<)x\gen, <>» 

23 Hi 

20 95 

Argon, A 

1 27 

0 93 

rarlmn dioxide, CO» 

0 033 

0 03 

Neon, No 


0 oois 

Helium, He 


0 0005 

Methane, OIL 


0 0002 

Knpton, Kr 


0.0001 

Nitrous oxide, NV> 


0.000,05 

Hydrogen, H» 


0.000,05 

Xenon, Xe 


0.000,008 

Ozone, O, 


0.000,001 


The composition of air varies w ith*altitudc at 
which the sample is taken. Most of the shelter 
waves of radiant energy that reach the earth fiom 
the sun are absorbed in the stratosphere, about 
15 miles above the earth. The reaction 3()j — 
energy * 20 3 is caused by these waves in the 
ultraviolet region of the .spectrum, producing an 
ozone -rich region of the atmosphere. 

The air, of course, is the source of oxygen for 
burning, respiration of plants and animals, decay, 
and industrial oxidutions. Some of these processes 
return COt to the air, in which it is present in the 
amount of 0.03% by volume. Thus the air is the 
source of the COa utilized in the weathering of 
rocks and in photosynthesis (carbon cycle) . Photo- 
synthesis returns oxygen to the air. The changes 
'■uch as those mentioned more or less offset one 
another, and the winds keep the air well mixed. 
Variations in composition are usually caused by 
some local effect. 

Liquid air is the source of oxygen that is used 
extensively, and marketed in stool tanks under 
high pressure. When liquid air boils, nitrogen dis- 
tills first at — 196°C, and then oxygen at its boiling 


point, — lK3 r C. When liquid air is fractionated at 
— 1!K>°( * to prepare nitrogen, the resulting gas 
contains about 1.25 per cent inert guscs. This mix- 
ture is used to fill electric light bulbs, to pack with 
oxidizable foods such as ground coffee in cans, 
and fo maintain pressure in excess of atmospheric 
within telephone cables. 

The inert gases, except helium, are obtained 
from air. The fraction from liquid air that con- 
tains I he inert gases consists of GO per cent argon, 
30 per cent oxygen, and 10 per rent nitrogen. 
Hydrogen is added to combine with oxygen and 
remove it as water vapor, which can be readily 
separated. The commercial mixture that remains 
is used to fill electric light bulbs It contains S5 
per cent inert gases, chiefly argon, and the balance 
nitrogen. 

Isolation of neon, krypton, and xenon from the 
air is a difficult process. Fractional distillation 
first makes a gross separation. Oxygen in the mix- 
ture can be removed by combining it with hydro 
gen or by passing the gas over hot metallic copper 
with which the oxygen forms copper oxide. Nitro- 
gen is then removed by passing the gaseous mix 
ture ovei hot magnesium. The nitrogen combines 
with this metal and forms magnesium nitride 
(MgiN •) Adsorption of the remaining inert gases 
by activated charcoal is at different rates, as is 
desorption If charcoal at a low temperature is 
saturated with a mixture of inert gases, and then 
the temperature raised to — 80°C, the gas that 
escapes is almost pure argon. Chemical means 
are used to purify the inert gases, but physical 
means must be used to separate them. 

For a more det ailed description of the air. the 
reader is referred to works on Meteorology, a 
study that includes the circulation of the air, 
clouds, effects of altitude and pressure, and the 
prediction of weather. 

Elbert C. Wkxvfk 
Cross -references: Xitrogen , Oxygen. Xeon , 

C(iR Law «. .1 Pollution 


AIR POLLUTION 

Pollution of the. atmosphere inu\ be objection 
able because of (a) its health aspects, (h) deleted 
ous effects on vegetation or animals, (cm ennosion 
of materials, >r (d) its nuisance effects. With the 
exception of a few' isolated cases there is no con- 
crete evidence establishing the relationship be- 
tween common types of air pollution and rhronie 
health effects, although there has been consider- 
able speculation concerning a relationship between 
lung cancer and fuel smoke. In the cose of acute 
health effects the evidence is clear-cut as in the 
case of an episode in the Meuse Valley (1930), 
several in England and the Donora smog (1948). 
In all these instances effects w r cre evidently re- 
lated to the ability of the pollutant to cause irrita- 
tion of the respiratory tract, but the specific 
irritant in the atmosphere was not identified. 

Many of the toxic dusts and gases that are of 
concern in industrial health protection are found 
in the outdoor atmosphere but in concentrations 
that are but a small fraction of those that ongage 
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the attention of workers in industrial hygiene. 
Typical concentrations in United States cities* 
total solids 100-500; lead 0.5-5; manganese 0. 1-0.5; 
cadmium 0.01-0.1 ; (units in micrograms per cubic 
meter). Concentrations regarded ns acceptable in 
in-plant exposures are as follows: lead 150, man- 
ganese over 6000, and cadmium (fume) 100. On 
the basis of present knowledge, therefore, then* 
does not appear to be any reason to suppose that 
systemic toxic effects occur, as distinguished 
from any that may result from deposition of an 
irritant substance in the respiratory tract. 

Damage to vegetution results from exposure to 
low concentrations of a number of gases, but those 
of primary economic significance are sulfur di- 
oxide and hydrofluoric acid. Significant concen 
trations are de|>endent on many factors, e.g., 
typo of plant and its age, sca>on, humidity, light 
conditions, time of exposure and character nf soil. 
In the case of sulfur dioxide in favorable condi 
tions one-half part per million may produce sig 
nificunt effects in some plants. In the case of 
hydrofluoric acid gas concentrations one tenth of 
those or even less may produce deleterious results 
in sensitive plants. 

Aside from its effects on vegetation, sulfur di- 
oxide occupies a prominent place in atmospheric 
pollution because of its widespread occurrence due 
to the combusion of sulfur-containing fuels. One 
of its properties of economic concern is its well- 
known ability to aggravate the corrosion of ma 
tcrials It is also suspected of contributing to an 
irritant quality of the atmosphere in acute smog 
episoues. The spontaneous oxidation of sulfur 
dioxide gas is assisted by actinic energy in sun- 
light, high himiiditv and by the catalytic effect 
of particulate matter in atmospheric suspension. 

Nuisance** such as those due to deposited dirt, 
decreased visibility and foreign odors are of sub- 
jective nature and it is therefore inherently im- 
possible to fix limits of concentrations 6r intensity 
to define such conditions, in contrast to the objtc 
live effects cited above In the interpretation of 
the measurements of air pollution nuisances, 
therefore, one must resort to the udductioii of 
comparative data The most common and wide 
spread atmospheric problem stems from the burn 
ing of coal, both in domestic and industrial 
equipment, giving rise to tw r o distinct types of 
air pollution: that due to smoke which is avoided 
by efficient combustion of volatile material of 
the fuel and that due to fuel dust w r hieh is blown 
off the fuel bed or, in industrial installations, to 
the incombustible ash fraction from the burning 
of pulverized coal. Standards of good practice for 
the control of solids emissions from coal-burning 
installations having common acceptance arc based 
on (a) the use of the Ringclmann chart for de- 
scribing limits on smoke emission and (b) on the 
determination of weight concentration of solids 
in the flue gas. 

Methods that are appropriate for measurement 
and analysis of air pollution intensity at ground 
level are dependent on the objective. If the pur- 
pose is to ascertain the origin of the pollution, the 
entire gamut of scientific techniques may bo 
applied, as in the Los Angeles problem (1045 et. 


seq.). If the objective is simply to establish levels 
of atmospheric pollution for historical purposes, 
i.c., time comparisons, or for geographical com- 
parisons. a relatively few techniques suffice. 

Where, for example, it is sought, to establish 
records of the coarse dust content in the air which 
deposits by gravity, dust fall observations can be 
made by determining the rate at which solids are 
deposited within an open top vessel. When a cylin- 
drical vessel with a continuously wet bottom is 
employed (U. S. practice) and the results ex- 
pressed in the units, tons per square mile per 
month, the following figures may be taken as 
typical of those in the northern United States: 
surhurhan areas (summertime) 5-15, (wintertime) 
10-20; in urban residential areas removed from 
nearby industrial sources (summertime) 10-30, 
(wintertime) 20-60. Analogous measurements for 
smoke content of the atmosphere have a relatively 
brief history and procedures are less standardized. 
One common method used in (Jrcat Britain and 
the United States involves measurement of the 
light scattering or staining potential of smoke 
that has been deposited In aspiiation onto a filler 
paper. Similar data can be obtained !>v direct 
measurement of light scattering in suitable clce- 
t rophotomctric devices. 

In the case of odors there is no objective 1>hms 
for measurement, except in a few instances where 
the odor chemistry is well known and it becomes 
necessary therefore to rely entirely cm subjective 
impressions of humans. This circumstance pio 
poses nearly insuperable problems in the cvnlua 
lion of odor intensity in the open, but odor meas 
urements in a stream of gas at the point of 
einissiou are readily employed in objective anal> 
ses. Such measurements are effected Ytv msti union 
tal arrangements in which the odor-earning gas 
stream is diluted in known proportions with fresh 
air, and the dilution ratio value corresponding to 
zero odor threshold determined subjectively by a 
number of persons. The result can be related to 
estimates of dilution occurring by natural turbu- 
lence between the* point of emission and some point 
at ground level or to the* performance of a pilot 
odor removal unit . 

The* concentration of air pollution in any local- 
ity is profoundly influenced by the natural rate 
of ventilation characteristic of the place and the 
time, as well as by the rate at which pollutants 
arc* emitted to the atmosphere Ventilation results 
not only from horizontal w'inds, but also from 
vertical air currents, which are largely determined 
by the* relative tcmjieratures of the atmosphere at 
different elevations. When, due to such tempera- 
ture variation, the air layers nearer the ground 
level are more dense than those aloft, vertical 
motion of the atmosphere and consequent dis- 
persal of polluted air is prevented. This condition 
termed inversion by meteorologists occurs almost 
every night and not infrequently i* persistent over 
a longer jicriod of time. Due to meterological and 
geographical peculiarities some regions arc charac- 
teristically ventilated at greater rates than others. 
This meteorological circuinstanoe is largely re- 
sponsible for the commonly observed wide varia- 
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tions in air pollution intensity in conKecutivc 
periods. 

The concentration of any pollutunt at ground 
level due to emission from a single source in 
directly proportional to the muss rate of emis- 
sion, to the wind velocity and to the square of the 
chimney height, as well as to a variable parameter 
incorporating meteorological factors that de- 
scribe the prevailing atmospheric turbulence. 
The location of the point of maximum ground level 
concentration varies markedly with the* meteoro- 
logical conditions but falls most commonly at a 
distance of 5 to 25 stack lengths from the 
source. A theoretically derived expression for 
certain common meteorological conditions gives 
this maximum concentration (mass ]>er unit 
2 Q 

volume) as , where Q is rate of emission of 

2ir//// 8 

the contaminant, (mass per unit time), it is wind 
velocity and h is stack height, employing con- 
sistent units. Corresponding equations for con- 
centrations at variable distance are complex be- 
cause they are dependent upon atmospheric con- 
ditions of turbulence which are not readily de- 
fined in quant itative terms. 

The abatement of air pollution when the sources 
are identified is almost entirely an economic prob- 
lem. Coal smoke *»*dy controllable practically 
by automatic arrangements for efficient combus- 
tion. This has not been found applicable to the 
domestic coal smoke problem; substitute fuels 
have reduced that problem in many areas. Dust 
emissions can be suppressed by application of 
various t\pos of collectors listed, as follows, in 
the order of their characteristic collection effi- 
ciency bag filters, Cottrell precipitators, and the 
miscellaneous group that includes centrifugal 
precipitators inertial separators and water scrub- 
bers. Technologically, sulfur dioxide can be re- 
moved by conventional scrubbing techniques, but 
insuperable economic problems have appeared in 
considering its applicability to large fuel burning 
installations. • 

Odorous elements of organic nature can be de- 
stroyed by heating the gas stream to a tempera 
lure of approximately 1500' V and, in the presence 
of a catalyst, to about 500°F excepting in some 
particular circumstances. If the odorous substance 
is present in very small quantities, it is sometimes 
feasible to absorb it in activated carbon. 

Dilution of moderate quantities of gases can 
often be effected by the use of tall stacks, a method 
that is commonly applied to the sulfur dioxide 
problem. It is to be noted that initial dilution in 
the stack itself is without effect. 

W. (\ L. Hemkon 

Crows -references: At nmols. Air , Precipitation 


ALBUMIN 

The word “albumin” is derived from the Latin 
“alhiiti” (white). It is one of the classes of simple 
proteins, defined as being soluble in pure water 
and coagulated by heat. The name was derived 
from albumen, egg white, since the principal pro- 
tein of egg white is the classical example of an 


albumin. Albumins are found in various plant and 
animal tissues, and are generally named according 
to their source, e.g., egg albumin or ovalbumin 
from eggs, serum albumin from blood serum, 
myoalbumin from muscle, etc. 

The definition of albumin is actually inadequate 
for at least two reasons. In the first place, albu- 
mins are defined as being simple proteins, con- 
taining no constituents other than ainino acids. 
It is now recognized that simple proteins, in the 
strictest sense, are relatively rare. Even the 
classical example, hen's egg albumin, contains 
a small amount of carbohydrate and phosphoric 
eslcr groups. In practice, then, this part of the 
definition has actually been abandoned unless 
the non-amino acid portion exceeds several per 
cent . 

The second difficulty with the official definition 
is that it does not take account of the effects of 
pH upon the solubility, since these effects had not 
been adequately described in 1907. Most contem- 
porary protein chemists would probably be in- 
clinced to define albumins as being “soluble in the 
absence of salt at the isoelectric point and coagu- 
lated by hea» \ 

A third difficulty with the definition of the term 
albumin is due to the protein chemists rather than 
to the official definition. It has been customary to 
precipitate the globulins from a mixture of soluble 
proteins with half-satu rated ammonium sulfate 
or a comparable concentration of sodium sulfate 
or other salting out agent. As early as 1912, in his 
book “The Vegetable Proteins”, Thomas Osborne 
pointed out the fact that many plant proteins 
which were precipitated with half-saturated am- 
monium sulfate behaved as albumins w’ith respect 
to their solubility in distilled water. Howe later 
recognized the same problem with respect to the 
blood serum proteins, and introduced the term 
“pseudoglobulin” to designate such proteins. 
Thus, some of the serum proteins which are now r 
commonly grouped with the globulins should prop- 
erly be called albumins according to the official 
classification. 

U> albumin. Different albumins are present in 
the eggs of various species, but most attention has 
been devoted to that from the hen's egg. Oval- 
bumin makes up about 05% of the total protein 
of egg white. It appears to be quite homogeneous, 
except for the number of phosphoric acid ester 
groups. Most of the molecules have two, a smaller 
number one, and a trace none. Carbohydrate 
appears to be an integral part of the molecule, 
there being 1.7 to 1.8% liexose, probably mannose, 
and 1 to 1.4% hexosmnine. Since there is evidence 
i or a terminal carboxyl group (alanine) in the 
polypeptide chain, but none for a free terminal 
amino group, the carbohydrate may be attached 
to the terminal amino group. 

Conulbumin. A second albumin has been crys- 
tallized from egg white. This protein, making up 
about 14% of the protein of hen's egg white, has 
been recognized since 1900. It may be prepared in 
a form which is apparently free from any groups 
except amino acids, but combines strongly with 
two ferric ions and tw'o bicarbonate ions per mole. 
In the absence of iron, cupric or zinc ions may be 
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bound nt the sumo site. Tho groups involved in the 
binding are not known, but there is some sugges- 
tion that phenolic groups may be involved. If so, 
they must be in a very specific environment, since 
there are 1!) or 20 tyrosine residue** |>er mole. 

Serum Albumin. AH of the blood sera or 
plasmas of the vertebrates which have been 
studied contain a large proportion of an albumin 
fraction which is relatively homogeneous by most 
criteria. This fraction, amounting to about 50% 
of the total protein, remains in solution in half 
saturated ammonium sulfate at pH 7 (about where 
the salt fractionation is usually carried nut), 
migrates as a single peak in electrophoresis at a 
pll above 5, and seems to Iiavc a single sedimenta- 
tion constant, for a given species. This is wluit is 
ordinarily referred to as scrum albumin. Crystal- 
lization of horse scrum albumin can readily be 
effected by an ammonium sulfate procedure, and 
this was originally the serum protein most, thor- 
oughly studied. During World War II, it was de- 
sired to prepare large amounts of human serum 
albumin to restore plasma volume in the treat incut 
of shock. A fractionation procedure employing 
alcohol at low temperatures was developed by 
Cohn and co-workers, and as a consequence hu- 
man serum albumin has become commercially 
available. Since the use of animal albumins for 
administration to man was also being considered, 
the preparation of bovine albumin was also carried 
out commercially by Armour and Co. 

However, it has been clear for some time that 
- loll preparations are mixtures of closely related 
molecules. For example, one part of horse serum 
albumin can be crystallized from concentrated, 
salt -free solutions, and is found to contain no 
carbohydrate. Other crystalline fractions of horse 
serum albumin do contain carbohydrate. Although 
showing only one electrophoretic peak above the 
isoelectric point, the albumins of .the horse, cow, 
man, and rat have at least two electrophoretic 
peaks below the isoelccl ric point . About two thirds 
of the human serum albumin has one reactive sulf- 
hydryl group per mole, and the remainder has 
none. In the case of rat serum albumin, about two 
thirds of the total has a much greater affinity for 
one mole of zinc than the balance. These albumins 
can, then, be further fractionated on the. basis of 
the specific behavior with mercury or with zinc. 
It should be quite clear from these comments that 
the pure or crystalline serum albumins that have 
provided the physical and chemical data in the 
tables are really mixtures, and w*e cun not be sure 
how great the differences are between the com- 
ponents of the mixtures. 

One rather striking properly of the serum albu- 
mins is their tendency to bind negative ions, even 
in the face of a negative charge on the protein. 
This property is not restricted to the albumins, 
but is most markedly shown by them, and may 
represent one of the important physiological prop- 
erties of the serum albumins. The binding of or- 
ganic ions generally increases with the size of the 
non -polar portion of the molecule, and highly puri- 
fied preparation of scrum albumins have generally 
been found to contain small amounts of higher 
fatty acids. Indeed, such traces of fatty acid in- 


crease the stability and case of crystallization of 
the protein. 

John Meiil 

Oohn -references: Amino Acids, Protein «, Hlood 


ALCHEMY 

Alchemy i** usually defined us the art w'hose 
principal objective** were* (1 ) the transmutation of 
base metal** to gild and silver and (2) the discov- 
ery of the panacea or universal remedy. However, 
in a larger sense, from the time of its origin in 
China (ca. 600 H(\) to the sixteenth century, 
alchemy was the chief repository of the theoretical 
and factual knowledge of chemistry, Chemistry 
did not break abruptly from alchemy hut grew out 
of it. 

Alchemical thorny was based on the hypothesis 
that all matter w r as composed of one primal ma- 
terial. The various elemental forms that this 
material might take, e.g. “air”, “earth”, “tire” 
and “water”, were believed to result from tho 
combination uf its active and passive or male and 
female principle?., these gave rise to the* funda- 
mental opposing qualities* hot and cold, wet and 
dry. On this basis, it could be assumed that the 
existence of any given form of matter depended 
upon a specific balance of opposing principles. 
Therefore, it followed that one form could be con- 
verted to another by modification ol this balance. 
It should be noted that this hypothesis i- not in 
harmonious with modern theories concerning pio 
tons and electrons in the elemental atom \1 
chemists believed that ail understanding ol the 
constitution of matter would accordingly make it 
possible to change base metals to gold. ( Sold was 
recognized as the purest representative of the 
metallic essence because of its luster and its re 
sistance to corrosion and the effects of age. It was 
also believed that knowledge of the factors which 
gave gold its permanence would lead to a solution 
of the prcblem of human longevity 

Alchemy is often discredited because of tho 
quacks and charlatans who practiced it. Since the 
lives and deeds of these persons are more colorful 
and easier to understand than the philosophy of 
the serious scientist, alchemy is usually regarded 
as a “racket” rather than a science. It must be re 
memhered that transmutation remained a legiti- 
mate research objective until its impossibility 
with the equipment at hand had been adequately 
demonstrated. This required the development of 
an understanding of chemical purity, chemical 
elements and chemical compounds. Alchemical 
investigation laid the groundwork for the solu- 
tion of these problems. 

Chemistry was born when alchemists gave up 
the attempt to fathom the constitution of matter 
and confined their investigation to the more 
tangible chemical elements. In the years that 
followed, speculation on the composition of the 
elements was frankly tabu. As a result, Proufs 
hypothesis and early indications of the periodicity 
of elemental properties were not readily accepted 
by later chemists. However, the alchemical hy- 
pothesis was finally corroborated by the discov- 
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orioH of nuclear science. Unlimited energy has 
now replaced the golden dream of transmutation. 

J. Frederic W\i.ker 
(‘.ross -references: ('hnnirtry i History) 


ALCOHOLS 

< Chemical Aspects 

The word “alcohol” is derived from an Arabic 
term meaning a nowder for painting the eyelids; 
it was later applied to highly rectified spirits. Al- 
cohols are hydroxyl derivatives of hydrocarbons. 
There may be one or several hydroxyl OH groups 
in the molecule; however, only one such group may 
be attached to a single carbon atom. 


ClasM 

I. Simple aliphatic 
alcohol 

II. Unsat united 

aliphatic aleo 
hoi 

III. Substituted ali 
phatic alcohol 
IV \romatic aleo 
hoi 

V. Alievelic alcohol 
VI. HeteroeyeI :,# .r! 
eohol 


KxampU 

Kth\l alcohol 

Kit (11,011 1 

All\ 1 alcohol 

(rH 2 *-r!i m >oii > 

Kthaiiolainine 

(\II,riI,(lI.OII; 
Ben/\I alcohol 
((MI .('11,01! j 
(\\clohc\anol ( ( V.H 1 1 < >11 ) 
Furfurxl alcohol 
(CMI f K'U >( >11 ) 


Meohols arc furthei classified as monohydrie, 
dihydric, trih.\dric, etc . according to the nuniher 
of hydroxyl groups they contain. Kth\lene glycol 
is an example of a dihvdne alcohol, ('ll-, OH 
(Ml, Oil, glycerol is trihvdrie, sorbitol is hexa 
hydrie, etc. Alcohols are also classified by the 
number of hydrogen atoms attached to the carbon 
atom holding the hvdrowl group. If two or more 
hydrogen atoms are attached to the carbon holding 
the hydroxyl, the alcohol is primary; if only one, 
the alcohol is secondary; and if no hydrogen is 
attached, the alcohol is tertiary 

Properties. Alcohols in general ara colorless 
liquids or solids. The simpler monohydrie alco- 
hols arc mobile liquids, and viscosity increases 
with molecular weight. N dodecyl alcohol is the 
first solid member of the series of normal primary 
alcohols. Polyhydric alcohols are syrupy liquids. 
Alcohols with more complex formulas are generally 
solids. In general, water solubility decreases as 
the formula becomes more complex. Moiling points 
increase as the straight -chain alcohols become 
more complex. Unless influenced by other groups, 
the reaction of alcohols are primarily those of the 
Vvdroxyl group. This group may be replaced by 
halogen or amino groups. The alcohol may he de- 
hydrated or the hydrogen of the hydroxyl group 
replaced by a metal. Alcohol will form esters with 
an organic acid by the elimination of water. 

Methyl alcohol ( methanol , wood alcohol) is pro- 
duced by destructive distillation of wood or bj 7 
synthesis under pressure of hydrogen and carbon 
monoxide. Production amounted to 170, (XX), 000 
gallons for the fiscal year ended June 30, 1933. The 
pure product iH completely miscible with water 
and is a solvent for fats, oils, resins and nitro- 
cellulose. It is used widely for methylation of 


organic compounds, particularly dyestuffs. It is 
the raw 7 material for making formaldehyde and an 
intermediate in synthesis of phenolic, urea, and 
melamine resins. 11 is used in antifreeze solutions 
and in social fuels. 

Ethyl alcohol {ethanol). The principal methods 
for producing ethyl alcohol are: (1) Fermentation 
of starch, sugar or w*aste sulfite liquor. (2) Syn- 
thesis from ethylene by hydration using sulfuric 
acid process. (3) Direct hydration of ethylene. (4) 
Synthesis from ethylene via ethyl chloride. (5) 
From acetylene by conversion to acetaldehyde and. 
hydrogenation to alcohol. 

Both as anhydrous (200° Proof) and as 190° proof 
(95# by volume) it is sold as pure alcohol, or in 
a variety of formulas as completely denatured 
alcohol, specially denatured alcohol or proprietary 
solvent. It is used as a solvent or extractant in 
manufacture of lacquers, varnishes, stains, smoke- 
less powder, cordite, antiseptics, toilet prepara- 
tions, pharmaceuticals, and antifreeze solutions. 
Ft by I alcohol also used as a building block in 
making inanj higher molecular weight chemicals. 
Total production of ethyl alcohol for industrial 
purposes amounted to about 270, (XX), (XX) wine 
gallons for the fiscal year ended June 30. 1953. 

Isopropyl alcohol {iso propanol). This alcohol is 
produced by hydration of propylene from cracked 
gases and to a small extent as a by-product of 
certain types of fermentation in wdiicli normal 
butvl alcohol is the principal product. It is nor- 
mally sold commercially as either 91% by volume 
(9% water) or 9'.)% purity. It is soluble in w 7 ater 
tiid is a solvent for many oils. It has many uses: 
as a coupling agent in the manufacture of soluble 
oils, as an extractant in purifying oils, and as a 
solvent for gums, alkaloids, oils, and resins. It is 
used extensively in chemical processes for making 
acetone and for introducing the isopropyl group. 
It is used in oaps and antiseptic solutions. It is 
also used for antifreeze. About 135 million gallons 
were produced during the fiscal year ended June 
30. 1953. 

A ormal propyl alcohol is a co-product of air 
oxidation of propane and butane mixtures, as 
well as in the Fischer-Tropseh process. It is used as 
a solvent for lacquers and resin formulas. It finds 
use in brake fluids, and as a solvent in coatings, 
films and waxes It is used in production of pro- 
pionic acid ami plasticizers. The quantity pro- 
duced is not available in published statistics. 

Butyl alcohol in butanol) is produced either by 
fermentation of starch or sugar or by synthesis 
using ethyl alcohol »»r acetylene as raw 7 materials. 
It is widely used as a solvent in nitrocellulose 
lacquers, for ethyl cellulose, urea-formaldehyde, 
and urea mclaninc resin formulations. It is a 
mutual solvent in soluble oils, a diluent in hy- 
draulic fluids and an extractant in the manufacture 
of other pharmaceuticals. It is used in the chemical 
manufacturing field for making butyl xanthate, di- 
butyl phthalatc and many other butyl compounds. 
The quantity produced was 24 ,000, (XX) gallons for 
fiscal year ended June 30, 1953. 

Isobutyl alcohol is produced by synthesis from 
carbon monoxide and hydrogen at high pressure 
(300-700 atm.). The isobutyl alcohol is separated 



ALCOHOLS 


30 


by distillation from the mixture of a-propyl alco- 
hol, active amyl alcohol, and other oxygenated 
products— it may also be made by hydrolysis of 
isobutyl chloride. Isobutyl alcohol can be used for 
esterifications of mono- and dibasic acids to form 
esters. It is used as a solvent for castor oil base 
brake fluids. It can also l>e substituted for normal 
butyl in the field of alkylated urea resins. 

Secondary butyl alcohol is produced by hydration 
of 1 -butane, which is formed in the cracking of 
petroleum. It can be used for making other chemi- 
cals such as methyl ethyl ketone by dehydration, 
acetate, xanthate derivatives. It is used as a latent 
solvent in nitrocellulose lacquers, in formulation 
of brake fluids, for industrial cleaning and as an 
extractant for fats and a solvent for special 
greases. 

Tertiary butyl alcohol is produced by hydration 
of isobutylene derived from petroleum (‘racking. 
This alcohol is a white crystalline solid below 
25.5 fl C. It is used for manufacture of tertiary 
butyl phenol or tertiary butyl chloride, in the 
perfume field for making artificial musk, and also 
as one of the components in wetting agents and 
detergents. The solvent uses are many in extrac- 
tion of drugs and use in cleaning compounds. It. 
also finds some use as a de tut tu rant for ethyl 
alcohols. The production of all butyl alcohols 
except normal was about 35,(XX).00() gallons for 
the fiscal year ended June 30, 1053. 

+ Amyt alcohols ( pmtyl alcohols) occur in S isomeric 
forms, not including optical isomers. Isoamyl and 
ai tive amyl alcohols, with minor quantities of 
some other alcohols, are separated by fractional 
distillation from fusel oil, which is a co-product 
in the production of ethyl alcohol by fermenta- 
tion. They arc also produced from a mixture of 
pentunes from nalural gas. These alcohols are 
solvents for a large variety of natural and syn* 
thetic resinous materials. They are used as dilu- 
ents in hydraulic fluids, also in printing inks and 
lacquers. A large part of the production (other 
than tertiary amyl) is made into amvl acetates 
and phthalates for use in lacquers and protective 
coatiugs. Amyl compounds are also useful in 
makiug medicinals and flotation products Pro- 
duction of all amyl alcohols amounted to 30,777,000 
pounds in the fiscal year ended June 30, 1953. 

Higher saturated aliphatic alcohols. As the formu- 
las become more complex, these alcohols range 
from oily liquids to viscous liquids and to wax- 
like solids. The number of isomers reaches astro- 
nomical figures. It is calculated to be 89 for octyl 
alcohol and 5,000,000 for a Cm alcohol. Only a 
few an* of commercial importance, 
v ' Ethylene glycol is produced by (1) direct oxida- 
tion of ethylene to ethylene oxide and hydration 
to glycol; (2) ethylene to ethylene ehlorhydin, to 
ethylene oxide, to glycol; (3) hydrogenation of 
methyl glycolate made from formaldehyde and 
methanol. In these processes by-products such as 
propylene glycol, diethylene glycol, and triethyl- 
ene glycol are produced. There arc many uses for 
ethylene glycol such os antifreeze, hydraulic 
fluids, de-icing fluid, production of explosives, 
solvent for stains, oils, resins and enamels, in inks 
and dyes. The production of ethylene glycol was 


67,000,000 gallons for the fiscal year ended June 
30, 1953. 

Diethylene glycol is produced mostly os a co-prod- 
uct in manufacture of ethylene glycol. Uses in- 
clude hygroscopic agent, solvent for dyes and 
resins, anti-leak agent, gas drying, softening agent 
in adhesives, printing inks. 

Triethylene glycol is produced as a co-product in 
manufacture of ethylene glycol. Uses include air 
disinfectant, production of resins and plasticizers, 
dehumidification. 

Propylene glycol is made by the chlorhydrin 
process along with ethylene glycol or by direct 
oxidation of propylene through propylene oxide. 
Uses include nutifreeze, resins and plasticizers, 
brake fluid, tobacco processing, food humect ant, 
and preservative, pharmaceuticals, cosmetics, 
and inks. Production amounted to about 7,000,000 
gallons for the fiscal year ended June 30, 1953. 
Other poI\ propylene glycols are produced, such 
as dipropylcnc glycol. 

(rlycerol-il % 2,8 t ‘Propanctriol, glycerin) is pro- 
duced from treatment of fats in the soap making 
of h* rat ions, synthetically from propylene via all\l 
chloride and allyl alcohol, ami by fermentation 
The major uses of glycerol an* in ulk\d resins, ex 
plosives, cellophane, and as a tobacco huniectant 
The production of glyeeiol in 1953 amounted to 
218, (XX), 000 lbs 

Pentuerythritol is made by condensation of aret 
aldehyde and formaldehyde It is a solid and is 
used in producing synthetic resins; also (as the 
tetranitrate) in explosives Production was 
56, (XX), (XX) lbs for the fiscal year ended June 30, 
1933. 

Sorhitol is produced by reduction of sugar, usu 
ally com sugar, with h\drogen It is a solid and 
used as a conditioning or softening agent in paper, 
textiles, tobacco, glue and cosmetics, also as a 
source of alcohol in resin manufacture, it is used 
in foods, pharmaceuticals and for making other 
chemicals. 

s Cgcloht xanol may be prepared by catal\ tic hy- 
drogenation of phenol or by catalytic air oxidation 
of cyclohexane. It is used as an intermediate in 
making adipie acid which in turn is employed in 
nylon manufacture; as a stabilizer aud liomogeni- 
zer for soap and synthetic detergent emulsions; 
as a solvent in the dye, textile and lacquer ami 
resin industries; and in the preparation of other 
chemioal compounds 

Benzyl alcohol is usually manufactured from 
benzyl chloride and sodium or potassium carbon- 
ate; benzyl alcohol has also lieon prepared from 
benzyl chloride anil other alkalies or alkali salts 
of fatty acids, by reduction of ben/aldehyde, hen- 
zoic acid, and benzoic arid derivatives, from 
bromobenzine and formaldehyde, and from benzyl 
chloride and oxygen. Used for milking esters for 
use in the soap, perfume, and flavor industries. 
Sum** esters arc used in suntan lot ions and medici- 
nal preparations. It is also u$ed as a solvent in 
inks, '•osinctics and special coatings. Production 
for the fiscal year ended June 30, 1953 was llBfXD 
pounds. 

Phenyl ethyl alcohol , produced mainly by 
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Fricdel Crafts Synthesis from benzene and ethyl- 
ene oxide, is used principally in perfumes. 

Furjuryl alcohol , produced by reduction of fur- 
fural, is used as u resin former, solvent, princi- 
pally in the resin industry, as a dispersant in 
textile printing, and for production of tetrahy- 
drofurfuryl alcohol. 

b\w hence C\ liyi’K, Jr. 

Physiological Aspi'cls 

The toxicity of the aliphatic alcohols is a narco- 
sis (anesthesia) without cumulative features. 
Action is upon the central nervous system. Tox- 
icity increases by a factor of about three times 
for each carbon atom added in an homologous 
series, due to increased lipoid-to- water distribu- 
tion which favors alcohol entering the lipoids of 
the nervous system. However, the difference* in 
toxicity between methyl and ethyl alcohols is 
less than for higher successive members of the 
primary series. Toxicity decreases somewhat in 
the series primary, secondary, tertiary alcohols. 
After there are some eight carbons in the molecule, 
low water solubility and low volatility reduce the 
toxic hazard of swallowing and of inhalation. The 
unsaturated alcohols are more toxic than the cor- 
responding saturated ones, the difference between 
allyl and n-piop\i alcohols being about thirty 
tunes. There are not great species differences 
among warm-blooded animals in response to the 
alcohols. 

Irritating effects upon mucous membrane and 
respiratory tract increase in an homologous series 
until decrease in water solubility limits concen- 
trations in body fluids. The unsaturated alcohols 
are much more irritating than their saturated 
analogs. A low concentration of alhl alcohol 
vapors can cause pulmonary edema and can in- 
capacitate a man through the pain and temporary 
blindness of corneal injury. Permanent lost vision 
can result from a high concentration. The alcohols 
are not active skin sensitizers, and seldom cause* 
dermatitis. 

The alcohols enter the blood stream rapidly 
from the stomach at rates that are proportional 
to their water solubility. The vapors enter the 
blood stream through the lungs. They penetrate 
the intact skin, but only with the unsaturated 
alcohols is toxicity sufficient to make this route 
of entry a probable source of poisoning 

Aa soon as the primary saturated alcohols reach 
the liver, oxidation to aldehyde ami carboxylic 
acid begins, and it proceeds at a constant rate, 
increasing with the length of the carbon chain. 
With methyl alcohol, further oxidation of formal- 
dehyde and formic acid is very slow, accounting 
for the great danger of this alcohol. Accumulation 
of these oxidation products apparently accounts 
f jr the blindness from injuries to retina ami optic 
nerve which is characteristic of methyl alcohol 
poisoning. With ethyl and higher primary satu- 
rated alcohols, oxidation of the carboxylic acid 
to carbon dioxide and water proceeds promptly, 
apparently in the muscles. The secondary alco- 
hols are oxidized only to the ketones, and the 
tertiary alcohols are not oxidized in the body. The 


manner in which the body handles unsaturated 
alcohols is not known. 

Small amounts of the alcohols are excreted un- 
changed in the urine and us vapors from the lungs. 
A portion of the oxidation products may also 
appear in the urine, some being conjugated with 
glucuronic acid, and a portion is in the expired 
air. It is the experience of industrial hygienists 
ami physicians that a workman inhaling S hours 
a day, every working day, the following concen- 
trations of vapors (in p.p.m. hv volume) is un- 
likely to be affected: methyl ulcohol 200, ethyl 
alcohol 1000, isopropyl ulcohol 400,// butyl alcohol 
100, isoamyl alcohol 100. 

bike any other anesthesia, the first action of a 
dose of ethyl alcohol is on the higher centers of 
the brain, with emotions, inhibitions, judgement, 
and mental clarity being affected. Increasing doses 
increasingly affect the central nervous system, 
decreasing muscular coordination, perception 
and reaction time, boss of muscular control fol- 
lows and the terminal stage is an anesthetic death 
from respiratory and circulatory arrest. Diuresis 
results early from action upon the pituitary. If 
the st oilmen is empty of food, alcohol starts to 
reach the* blood stream one to two minutes after it 
is swallowed. Fond in the stomach somewhat re- 
tards absorption. Oxidation in the liver starts at 
once and a man can oxidize about 8 grams an hour. 
The oxidation \ields calories to the body, as with 
any food, somewhat more from alcohol than from 
carbohydrate, but less than from fat. 

The severity of symptoms is proportional to the 
amount of unoxidized alcohol remaining in the 
blood st ream. A level of 0.05 per cent ethyl alcohol 
in the blood is compatible with sobriety. Some 
people arc intoxicated at 0.06 per cent and prac- 
tically all at 0.26 per cent. The fatal level in the 
blood is from 0.3 to 1.3 per cent, and 6 to 8 grams 
per kilogram body weight taken at one time on an 
empty stomach is fatal to a man. The habituation 
of the chrome drinker consists in an acquired 
ability of brain cells to function in the presence of 
ethyl alcohol, not in a special ability to oxidize it. 
Tin* social problem of ethyl alcohol in beverages 
is due to psychological and nutritional factors, not 
to toxicity. The symptoms of the chronic alcoholic 
are nut chronic ethyl alcohol poisoning. They are 
nutritional in origin, due to vitamin deficiencies 
caused by obtaining calories front alcohol to the 
neglect of vitamin-containing foods. 

Henry F. Smyth, Jr. 

Denatured Alcohol 

Denatured alcohol was first produced in this 
country about 190G, following the enactment by 
Congress of the Denatured Alcohol Law. This law 
was passed in order to free industrial users of ethyl 
alcohol from excessive taxes and thereby promote 
the use of alcohol in industrial processes. 

The (loverninent exercises a very close control 
of alcohol production, denaturation, and use, 
through the Alcohol and Tobacco Tax Division of 
the Internal Revenue Service in the U. S. Treasury 
Department. Federal Industrial Alcohol Regula- 
tions £3 gives all details of the requirements. 
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Denaturation is accomplished by mixing the 
pure alcohol with small quantities of various 
chemicals or substances so as to render it unfit for 
beverage use. Formulas giving denaturanls au- 
thorized and quantities required are set forth in 
the Appendix to Regulations #3. 

Three classes of denatured alcohol are permitted 
to l>e manufactured: (1) specially denatured alco 
hoi; (2) proprietary solvent; (3) completely de- 
natured alcohol. All three can be used free of 
Internal Revenue Tax. 

According to Internal Revenue Service* report 
for the fiscal year ended June 30, 1953, the quanti- 
ties of various classes of denatured alcohols pro 
duccd are shown below : 

1 . Specially denatured alcohol -239,202,023 wine 

gallons 

2. Proprict ary solvents 21,500,000 wine gallons 

(approx.) 

3 Completely denatured silcohol 626 73 wine 
gallon^ 

As a matter of interest , during this same period, 
pure alcohol withdrawals fiom industrial alcohol 
plants and industrial alcohol bonded warehouses 
were as follows: 

Tax free government ;d IS, 600.000 wine gallons 
use 

Hospital, scientific and 1,300,000 wine gallons 

educational use 

Total tax-free 19,900,000 wine gallons 

Tax paid 12,400,000 wdne gallons 

Total pure use 32,300.000 wine gallons 

The great majority of manufacturers who use 
any quantity of ethyl alcohol for industrial pur- 
poses use Specially Denatured Alcohol because the 
fifty formulas currently authorized by the Appen- 
dix to Regulations #3 give the user a broad choice 
and enable him to select that formula which best 
satisfies the specific requirements of his process. 
Regulations #3 requires each user to post bond, 
obtain a permit, keep records and comply with all 
the restiictions set forth. Two examples of formu- 
las and uses authorized are quoted below from the 
Regulations: 

A. “Specially Denatured Alcohol #86 A” 
Formulation: To every 100 gullons of ethyl al 

cohol add five gallons of ethyl acetate. 

Authorised Uses: Solvent in manufacturing: 
Candy glazes. Solvent for chemical manufacturing 
and purification. 

Pectin 

Other food products 
Crude drugs 

Glandular products and digestive* ferments 
Vitamins and related products 
Medicinal chemicals, including alkaloids 
Miscellaneous drugs, including tablet manufac- 
ture 

Raw material in manufacturing chemicals: 
Vinegar 
Acetic Acid 
Kthyl Acetate 

B . “ Specially Denatured Alcohol #87” 
Formulation: To every 100 gallons of ethyl al- 


cohol add: 

Forty-five ounces cucalyptol USP, 

Thirty ounces thymol l\Sl\ ami 
Twenty ounces menthol I'SP. 

A uthorized Usee: Solvent in manufacturing toilet 
preparations : 

Hair and scalp preparations 
Bay rum 

Face and hand lotion" 

Body deodorants and deodorant creams 
Tooth paste and tooth powder 
Mouth washes 

Solvent in manufacturing pharmaceuticals: 
FAternal pharmaceuticals not HSP or NF. 
Antiseptic solutions. XF 

Solvent in manufacturing miscellaneous product** 
Disinfectants, insecticides, etc. 

Stcrlizing and preserving solutions 
Cleaning preparations and purposes 
Theater sprays and incense 
Proprietary solvents are made by mixing Spe- 
cially Denatured Alcohol (usually Formula #\) 
with small (plant ities of additional chemicals, 
such as ethyl acetate, meth\l isobut\l ketone, 
methanol, rubber solvent ami gasoline. Whorea- 
the Alcohol and Tobacco Tax Division does not 
prescribe the chemicals or the quantities to lx* 
used, it is necessary for the manufacturers of 
Proprietary Solvent to obtain a permit to use tins 
Specially Denatured Alcohol and to have his 
formulation approved. Compliance with Regula- 
tions #3 is necessary as to restrictions set forth, 
such as type of container and method of distribu- 
tion. 

Proprietary solvents are made from 190 proof as 
well as 200 proof alcohol. They are widely used for 
cutting and thinning shellac, and afPused (usually 
in the anhydrous form) in lacquer, spirit varnish, 
. and printing ink formulations. Another important 
use is for cleaning glass and metal parts and for 
use in alcohol lamps, stoves and torches. In many 
chemical processes where the denaturanls are not 
objectionable, these solvents can be used for puri- 
fying, rccrystallizing or supplying the ethyl group. 
The proprietary solvents are not approved for 
antifreeze use. 

In completely denatured alcohol the ethyl alco- 
hol is considered to be so thoroughly denatured 
that the possibility of restoration to pure alcohol 
is remote. The Regulations usually provide two or 
more formulas which when filled into approved 
packages may be used without Federal permit for 
auy lawful purpose. 

Formulation : To every 100 gallons of ethyl alco- 
hol of not less than 160 proof add: 


Methyl isobutyl ke- 
tone 

Pyronate or a simi- 
lar compound 
thereto 

Acetaldol (hydroxj'- 
butynddehyde) 

Kerosene 


CD is CD 19 

2.5 gals. 4 gals. 

.125 gals. 

.5 gals. 

1 gal. 1 gal. 


Examples of general uses are: antifreeze, fuels. 
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paints, -varnishes, soups, dipping fluids, dyes and 
stains. 

Lawhknc'k (\ Hyck, Jr. 
Cross- references: Glycerol , Glycols , Aliphatic 
Compounds, Antifreeze Ayrats 


ALDEHYDES 

Aldehydes are mend>ers of ail important class of 
organic compounds characterized by the presence* 
of a carbonyl group ( C ). The name aldehyde 

II 

() 

is derived from the fact that members of this 
series of compounds can be obtained when pri 
mary dLcohols are DEH )7Jr»genut Ed either by 
dehydrogenation or oxidation reactions. This 
indicate** that aldehydes are intermediary between 
primary alcohols ami acids, which are formed on 
further oxidation. Aldehydes are closely related 
to ketones, which also contain the carbonyl group, 
the difference being that aldehydes have at least 
one of the bonds from the carbon atom of the 
carbonyl group to a hydrogen atom, while w'ith 
ketones each bond must be to some organic radical 
Consequently the aldehyde group can occur only 
at the end of a.", aliphatic chain or attached 
directly to the aromatic or heterocyclic ring. As 
aldehydes are much more reactive than ketones, 
the\ require separate treatment. (See C.arh»n>l 
Compounds) 

Physical Properties. The aldehyde group iM an 
osiuorphir group; thus the odor is often charac- 
teristic. The lowest members of the series are 
irritating and unpleasant but a pleasing odor de- 
velops with an increasing molecular weight, so 
that Cm C 12 members are often used in synthetic 
perfumes. Also many of the pleasing, volatile oils 
of nature are higher molecular weight aldehydes. 

The first member of the series of aldehydes is a 
gas at room temperature and pressure. The boiling 
points of succeeding members increase* with the 
molecular weight. The first two members are mis- 
cible with water in all proportions, and in general 
solubility in water decreases with increasing 
molecular weight except where the presence of 
other groups within the molecule may influence it. 

Nomenclature. Many common aldehydes are 
given nonsystemat ic names usually relating to 
their original source, such as vanillin, acrolein, 
cinnamyluldehyde, anisaldehyde, etc.; but chcnii 
rally, they are usually named by one of two 
methods: (1) After the common name of the acid 
Vliich it forms upon oxidation; the ending ic or 
-oie of the acid is deleted and the word aldehyde 
is added, as for example in formaldehyde (which 
oxidizes to formic acid), acetaldehyde (which 
forms acetic acid), bcnzaldehyde (which forms 
benzoic acid), etc. (2) The I.O.U. system which 
names the aldehyde after the parent hydrocarbon 
with the longest continuous carbon chain con- 
taining the aldehyde group on the terminal car- 
bon atom. The characteristic I.O.U. hydrocarbon 
ending -ane is deleted and the ending -al is added. 
Thus for example formaldehyde becomes meth- 
anal, acetaldehyde becomes ethanal, etc. 


Preparation. Aldehydes can be prepared in the 
laboratory by a variety of methods. Many are 
applicable both to the aliphatic and aromatic 
series, but a few can be used only for aromatic 
aldehydes. The industrial procedure for the prep- 
aration of aldehydes is often quite different from 
that used in the laboratory. The exact procedure 
often varies with the aldehyde being produced. 

(1 ) Mild oxidation of primary alcohols. This is 
often a difficult reaction to carry out, since the 
aldehyde formed is often more susceptible to oxi- 
dation than the alcohol from wrhich it was formed. 
Thus oxidation may continue, with the resulting* 
formation of the corresponding acid instead. (2) 
Hydrolysis of a dihalogcn compound if both 
halogen atoms are on the terminal carbon atom. 
(3) Pyrolysis of a mixture of calcium formate anil 
the calcium salt of the corresponding acid. (I) 
Treatment of an olefin w'ith ozone, followed by 
hydrolysis with heat. (5) The (Jrignard reaction 
using an excess of ethyl formate. (6) Treatment of 
the corresponding acid halide w ith a mild reducing 
agent . 

The following methods are applicable only to 
aromatic aldehydes: 

(1) Mild oxidation of methyl side-chains at- 
tached to the aromatic ring (2) ( Jut tormann- Koch 
procedure. Treatment of benzene or its homolog** 
with a mixture of carbon monoxide, hydrogen 
chloride, cuprous chloride and aluminum chloride. 
A variation of this is the (Jattermann procedure, 
w’hich uses sodium evanide in place of carbon 
monoxide and eliminates the cuprous chloride. 
f3» Reimer-Tiemann procedure for production of 
hydroxy aldehydes. Heating an aqueous, basic 
solution of a phenol with chloroform. 

React ions. Due to the presence of the reactive 
carbonyl group, aldehydes can be considered one 
of the more reactive series of organic compounds. 
The more important reactions can be conveniently 
grouped into .**i\ classes: 

(1) Oxidatior \ldehydes are easily oxidized by 
mild oxidizing agents, and sometimes even by oxv 
gen of the air alone, to form the corresponding 
acid. This case of oxidation is often used as a 
means of detecting their presence, and different i 
ating them from the related ketones. 

(2) Induction. Aldehydes can be reduced eata 
lytic-ally or by any mild reducing agent to form 
the corresponding primary alcohol. The Canniz- 
zaro reaction is an intermolecular oxidation -re- 
duction limited to uldehydes writh no hydrogen on 
tin* carbon atom adjacent to the carbonyl group. 
Two molecules of the aldehyde under the influence 
of sodium hydroxide* form one molecule each of the 
corresponding alcohol and acid (See Cannizzaro) . 

(3) Addition to the carbonyl oxygen, (a) With 
water to form the unstable 1,1-dihydroxy deriva 
tive. The product is stable only in water solutions 
or with certain substituted aldehydes such as t ri - 
chloroaeetaldchyde to form the product known as 
chloral hydrate, (b) With ammonia to form the 
aldehyde-ammonia complex. The simple complex 
is unstable but readily polymerizes to form a 
stable, crystalline compound, (c) With alkali bisul- 
fite to form a crystalline bisulfite addition product . 
(d) With hydrogen cyanide to form the important 
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cyanohydrins, (e) With alcohols to form first the 
hemiacetal and further to form the acetals. These 
are stable compounds derived from the unstable 
1,1-dihydric alcohols. Aldehydes also react with 
the poly-alcohols such us polyvinyl alcohol to 
form useful resins. 

(4) Reaction with the carbonyl oxygen with loan of 
water . (a) With hydroxyl amine to form the oxime. 

(b) With phenyl hydrazine and substituted deriva- 
tives to form the hydrazones. This reaction is used 
particularly in the identification of carbohydrates. 

(c) With semicurbazide to form the semicarbu- 
zone. 

The above reactions are often used for the puri- 
fication and/or identification of aldehydes, since 
all derivatives are crystalline products, easily 
purified, easily regenerate the aldehyde uud most 
have definite melting points. 

(5) Polymerization, (a) Aldehydes with an active 
hydrogen on the carbon adjacent to the carbonyl 
group undergo “aldolization” to form hydroxy 
aldehydes. With formaldehyde some of the hexose 
sugars have been isolated suggesting this as a 
possible mechanism for the formation of carbo- 
hydrates in nature, (h) Manv of the lower molecu- 
lar weight aldehydes form simple linear and cyclic 
polymers from which the monomeric aldehyde 
can be easily regenerated (see Formaldehyde and 
Acetaldehyde below). (c) Many higher molecular 
weight aldehydes form polymers of unknown 
structures (resins) under the influence of acids. 
This procedure can sometimes be used to differen- 
tiate aldehydes and ketones since the latter will 
noi resinify readily, (d) Many aldehydes form use- 
ful resins when copolymerized with other mole- 
cules. See phenol- and urea-formaldehyde resins 

(6) Miscellaneous reactions, (a) With the CJrig- 
nard reagent (RMgX) formaldehyde forms pri- 
mary alcohols and all other aldehydes form second- # 
ary alcohols, (b) With phosphorus pentachloridc 
to form the corresponding 1,1-dichloroderiva- 
tives by replacement of the carbonyl oxygen 
atom, (c) There are many other isolated reactions 
of lesser importance for example the Benzoin 
condensation, Perkin condensation, other conden- 
sations and other elimination reactions. 

Acetaldehyde (Kthanal) 

The second most important aldehyde from the 
commercial standpoint is acctuldehvdc, over 224 
million pounds having been produced in 1942. 
Total production figures for more recent years are 
not available. Acetaldehyde is an irritating liquid 
that boils at 22°C and is thus difficult to hnpdle 
without refrigeration. The chief method of pro- 
duction is the hydration of acetylene in the pres- 
ence of mercuric salts and a 6 per cent sulfuric 
acid solution. This process is feasible only w'hcn 
there is an abundunce of cheap power for the pro- 
duction of acetylene. Acetaldehyde can also be 
produced by the mild oxidation of ethyl alcohol 
and is often recovered as a by-product in the firet 
distillation in ethyl alcohol refineries. 

Acetaldehyde, like formaldehyde, polymerizes 
readily. In the presence of sulfuric acid a liquid, 
cyclic trimer commonly known as paraldehyde is 
rapidly formed. When cold, an unstable solid 


polymer known us met aldehyde is formed, but at 
room temperature this slowly decomposes to 
paraldehyde and acetaldehyde. From cither poly- 
mer pure acetaldehyde is easily regenerated and 
is thus used as n convenient source of the pure 
monomer. 

The chief use of acetaldehyde is as an interme- 
diate in the production of other organic com- 
pounds, particularly in the catalytic conversion 
to glacial acetic acid, acetic anhydride, acetone, 
ethyl acetate, anti vinyl acetate. Another impor- 
tant use is in the production of the compound 
known as aldol (butanol -3 all). This compound 
is easily dehydrated it) erotonaldehyde (butene- 
2-al-l), which can then be hydrogenated to either 
butyraldehyde (butannl-1) or normal butyl alco- 
hol (butanol-1). Other important uses are in (1) 
preservatives for fruit, (2) hardening of leather 
and other protein products, (3) organic synthe- 
ses, (4) in the production of resins and (5) dyes. 

Ki.hkkt II. Uadlky 

Formaldeh>de 

Formaldehyde ((TI/)) is the unique first mem- 
ber of the series of aliphatie aldehydes. In the pure 
state, it is a colorless gas which condenses to a 
liquid at low’ temperatures (bp — 19 n (\ f.p. 
-11X°(/). Both liquid and gas pohnieri/e readily 
and can be kept in the monomeric state for only a 
limited time. It is readily soluble in water and is 
marketed chiefly as an aqueous solution although 
solutions in methanol, propanol and butanol have 
also been offered commereialh Considerable 
quantities are sold in the form of the solid, hy 
drated polymer, paraformaldeh>de, HO- (('II jO) n - 
II or (CII*())-H 8 0. Tiioxane, (CII ? (>h (mp. 
61-2 U (\ b.p 115°C), the true cyelie’t rimer of form 
aldehyde, is also manufactured on a limited 
scale 

As a result of its chemical reactivity, high 
purity and low cost, formaldehyde has become an 
industrial product of outstanding commercial 
value Production measured in terms of the 37% 
aqueous solution reached 1 02 billion pounds in 
the United States alone in 1952 Total 1 ’ . S. pro- 
duction capacity is estimated ns about 2.5 billion 
pounds for 195(5. 

Formaldehyde is produced principally from 
methanol, but appreciable quantities are also de- 
rived from the direct oxidation of hydrocarbon 
gases. 

Two melhanol processes are in use. In general, 
these procedures involve passing a mixture of 
methunol vapors and uii over a stationary catalyst 
at approximately atmospheric pressure and scrub- 
bing the off-gases with water to obtain aqueous 
formaldehyde. The first or classical procedure 
makes use of a silver catalyst atid employs a rich 
mixture of methanol with air. The second method 
makes use of an oxide catalyst, e.g. iron-molyb- 
denum oxide, and produces a formaldehyde solu- 
tion which is substantially free of unreacted 
methanol. 

Hydrocarbon oxidation processes for formalde- 
hyde manufacture involve a controlled gas phase 
oxidation followed by abrupt cooling and conden- 
sation of the products. This is usually accom- 
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plished by scrubbing with water to yield a crude 
Holulion which must be refined to isolate formalde- 
hyde from the other products. Formaldehyde is 
not the major product of these petrochemical 
processes. Other products include acetaldehyde, 
acetic acid, methanol, acetone, etc. 

Standard commercial formaldehyde is a 37% by 
weight solution of formaldehyde in water contain- 
ing sufficient methanol to prevent precipitation 
of polymer under ordinary conditions of shipping 
or storage. Methanol concentrations range from 
6 to 15% according to trade requirements. This 
solution is known as the C.S.P. grade. Low meth- 
anol solutions containing 1% or less methanol 
are also marketed and contain 37%, 45% or 50% 
formaldehyde. These solutions must be kept warm 
to avoid separation of polymer and can be shipped 
only in insulated tanks. Formaldehyde is hydrated 
by water and the aqueous solution contains an 
equilibrium mixture of the monohydrate meth- 
>lene glycol, (Tl?(OH) 2 , and polyox vmethylcne 
gl \ cols, such as IIOCH.()OH.(>H arid IIOCH 2 - 
OfJTIjOniaOII. As a result the partial pressure of 
formaldehyde is quite low (about 1 mm at 20°C). 

Formaldehyde* has a pungent odor and its solu- 
tions and vapors are highly irritating to the mu- 
cous membranes of the* eyes, nose and upper 
respiratory tract. The maximum allowable con- 
centration of foii'n.tldehyde vapor in air, as gener- 
ally accepted, has been set by the American 
Standards Association at 10 ppm by volume (1044). 
This concentration is conceded as allow able for 
exposures not exceeding S hours daily. Contact of 
solution with the skin should be avoided since it 
causes hardening or tanning, diminished secretion 
anti, in some cases, leads to dermatitis. 

Paraformaldehyde is usually produced by 
vacuum concentration of the aqueous solution 
until a solid containing 91% or more formaldehyde 
is obtained The 95 to 96% product is probably the 
most familiar grade It evolves formaldehyde 
gas and should be handled with essentially the 
same precautions as the solution. 

Formaldehyde has a high degree of Chemical re- 
activity and will combine chemically wdth almost 
every typo of chemical compound. It reduces to 
methanol and oxidation gives formic acid or car- 
bon dioxide and w’ator. In aqueous solutions, the 
Cannizzaro reaction yields formic acid and 
methanol in equimolar proportions: 2H(TK) -f 
II 2 () — »HCOOH -f CHsOIl. This reaction accounts 
for the gradual increase in acidity of commercial 
solutions on storage. Formaldehyde also under- 
goes an aldol-type condensation yielding hydroxy 
aldehydes, hydroxy ketones and hexose sugars. 
This reaction, which is uutocatalytic, is usually 
initiated under alkaline conditions. 

Formaldehyde forms mcthylol (hydroxy- 
methyl), — CH 2 OH, or methylene (— CH^) deriva- 
tives on reaction with most organic chemicals. 
Resins are produced by polycondensations in 
which reactant molecules are linked by methylene 
groups. 

In the presence of acid catalysts formaldehyde 
combines with alcohols, glycols and other poly- 
hydroxy compounds to form the formaldehyde 
acetals or formats, CII 2 (OR) 2 . Unstable hcrai- 


acctal.s (IKKTM)K) are produced under neutral 
or alkaline conditions. Reaction of formaldehyde 
with alcohols and hydrogen chloride gives alpha 
chloromethyl ethers (ROCIItCl). Dichloromethyl 
ether (C1CH 2 ()C1I 2 C1) is produced by the action 
of hydrogen chloride on paraformaldehyde in cold 
concentrated sulfuric acid. 

Aldehydes and ketones containing alpha hydro- 
gen atoms react with formaldehyde to give mono- 
and poly mcthylol derivatives under alkaline 
catalysis followed by reduction of the carbonyl 
group in some instances. This is exemplified by 
the production of pent aery thritol [C(CH 2 OH) 4 ] 
from acetaldehyde and formaldehyde Phenols 
form nuelear mcthylol derivatives (phenol alco- 
hols) which undergo polycondensation to form 
the inethylene-linked phenol -formaldehyde resins. 

Ammonia condenses with formaldehyde to form 
hexamethylenetetramine and the related methyl- 
ene amines with primary and secondary amines. 
Mcthylaminch are formed by acid condensations 
with ammoniu and amines. Amides react to form 
mcthylol derivatives and polycondensation prod- 
ucts such as the urea-formaldehyde resins. 

Unsat mated and olefini e hydrocarbons react 
with formaldehyde in the presence of strong acids. 
Reactions with olefins (Prins Reaction) give 
1,3-glycols or derivatives of the.se products. 
Methylene linked products are obtained with 
aromatics. The formation of chloromethyl deriva- 
tives, such as benzyl chloride from formaldehyde, 
hydrogen chloride and hcnzeiie, offers a valuable 
method of synthesizing aromatic compounds. 
Acetylene reucts with formaldehyde in the pres- 
ence of copper acetvlide to give butynediol 
(IIOCII2C- CCTIiOH ) 

The principal use of formaldehyde is in the 
manufacture of the phenol, urea and melamine 
resins. Large volumes are also employed in the 
synthesis n r hexamethylenetetraumine, penta- 
crvthritol, o«h>lene glycol (e\ formaldehyde, 
carbon monoxide and hydrogen), siilfoxylate re- 
ducing agents (by hydrogenation of the aldehyde 
bisulfite c 'impounds), phenyl glycine for manu- 
facture of indigo, etc. Plastics and synthetic fibers 
sue also produced by the resinification of proteins 
such as casein, soybean protein, etc. In the textile 
industry, formaldehyde is used alone or more com- 
monly in combination w T ith urea or melamine to 
improve shrink and crease resist unce of rayon 
fabrics. Similar applications in the paper industry 
improve wet strength and shrink resistance of 
paper products. Leather and fur can be tanned by 
the action of formaldehyde and its derivatives. 

Direct uses of formaldehyde as a bactericide, dis- 
infectant and embalming agent, although once 
major applications, now consume onlv a small pro- 
portion of this versatile chemical. Disinfection of 
seeds and soil in agriculture prevents smut, scab 
and other plant diseases. Formaldehyde is also an 
acid inhibitor and lias shown value in preventing 
the sulfide corrosion of oil-well equipment. 

J. Frederic Walker 
Cross-references: Phenolformaldehyde Resina, 
Noxious Gases 



ALICYC.LIC ANI) CYCLIC. COMPOUNDS 

ALICYCLIC AND CYCLIC COMPOUNDS 

Compounds having throe or more atoms joined 
to form a olosed ring art* known as cyclic com- 
pounds. Cyclic compounds with properties re- 
sembling those of aliphutic compounds of the 
same functional type, rather than those of 
aromatic compounds, are termed alicyelic com- 
pounds. This term strictly applies to both the 
carbocyclic type, in which all the ring atoms are 
carbon, and to the heterocyclic type, having other 
than carbon atoms in the ring. In practice, how- 
ever, the term is usualy limited to carbocyclic 
compounds. These compounds have received a 
great deal of attention because of their widespread 
occurrence in nature and their commercial and 
theoretical importance. 

The simplest alicyelic, cyclopropane, is prepared 
by the reaction of zinc dust with trimothylcne 
chloride. It is frequently used ns an anesthetic in 
surgery. Cyclohexane is prepared by catalytic 
hydrogenation of benzene and is a commercial 
solvent. Cycloliexanol, obtained by hydrogenation 
of phenol, is an intermediate in the synthesis of 
nylon. Addition of chlorine to benzene gives a 
mixture of the isomers of 1, 2, 3, 4, 5, tbhexa 
ehlorocvelohexaiie, which is the valuable insect i 
eidc, lindane or gammaexane. Kthvlene oxide, ail 
alicyelic with a hetero atom, is a very reactive 
compound, useful in many synthetic processes. 

Cvclopentane, cyclohexane and their methyl 
derivatives occur in petroleum. The potent insect i 
cide pyrethrin I occurs in pyrethrum flowers; 
muM-one is the odoriferous principle of musk and 
important in |>erfunicry. «-Pineiie is the chief 
constituent of turpentine oil. Another terpene, 
camphor, has long been valued in medicine and 
has found much use in the manufacture of “Cel- 
luloid.” Naturally occurring polycyclic represen- 
tatives include triterpenes such as abietic acid 
(pine rosin) and steroids such as cholesterol 
(widely distributed in the animal body). 

The chemical properties of alicyelic compounds 
are affected so much by ring size that it has been 
found convenient to classify them in this manner: 

(a) Small rings of three and four members, which an* 
relatively difficult to form and are most reactive; 

(b) common rings of five to seven members, ivhich 
arc usually readily formed and are very stahle, 
like open-chain aliphatic chains; (c) medium rings 
of eight to twelve members, which are difficult to 
synthesize by most methods but are generally 
stable, and in which class ordinal reactions may 
occur in an abnormal “transannular” manner; and 
(d) large rings (or macrocyclics), having more than 
12 members, which also arc difficult to synthesize 
but once formed are very stable. The chemical 
properties of functional groups on alicyelic rings 
are also affected by the ring size; for instance, 
small rings seem abnormally electronegative. 

An ingenious explanation for the effect of ring 
size on the reactivity of alicyelic rings was pro- 
posed by Bacyer in 1885 and is famous as the 
“strain theory.” It is based on two assumptions: 
(1) that the carbon atoms in any alicyelic ring arc 
coplanar, and (2) that the bonds of a tetra-sub- 
sti tuted carbon atom arc normally at the tetra- 
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hedral angle of but that, this angle can be 

altered. Any deviation of this angle, however, is 
considered to result in a condition of internal 
strain in the molecule, decreasing its stability 
and causing it to be more difficult to form. The 
strain was measured as one-half of the difference 
between the tetrahedral angle and the actual 
angle. 
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10 
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I ’or 8 . 1- and u- mem be rod rings, the size of the 
bund angle* distortion does indeed parallel the 
reactivity of the ring system and the theory oun 
be extended successfully to ethylene, if it is con- 
sidered to have* a 2 memberod ring. Thus hydrogen 
adds to ethylene with a nickel catalyst at 40°; 
under such conditions 100° is required for hydrog- 
enolysis of evelopropane, 180° for cyelobiitano 
and 300° for cyclopentane. Cyclopropane adds 
bromine and iodine to produce 1 ,3 dihalopro- 
panes, and hydrogen bromide and hydrogen iodide 
to form the 1-halopropanes, while the larger rings 
are inert toward such reagents under usual con- 
ditions. Cyclopropyl ketones, acids and esters 
are capable of undergoing conjugate addition with 
active methylene compounds, and their ultra- 
( violet spectra indicates that the cyclopropyl group 
can conjugate with a carbonyl group, like an 
olefinic double bond. Small ring compounds con- 
taining a hetero atom in the ring also show an 
unusually high reactivity. The 3 mciiibered rings 
are more reactive than the 1-mcmbercd, and some, 
like ethylene oxide, are very important reagents 
in organic synthesis. 

The latest modification of the “strain theory” 
for small rings is that the direction of bonding of 
the carbon atoms remains at the tetrahedral 
angles, but that the bonds are bent. This results 
in less than the maximum overlap of the bond 
orbitals in the ring and therefore wcuker bonds 
than normal. 

Baeyer’s prediction that cyelopcntunc would be 
easily formed and stable was quickly confirmed by 
its synthesis and the determination of its proper- 
ties. This work also showed, however, that cyclo- 
pentane and cyclohexane are of nearly equal 
stability. Precise work done later on heats of com- 
bustion showed that the cyclohexane ring is 
actually slightly more stable than the cyclopen- 
tane ring, and the larger rings are also approxi- 
mately st rainless. 

Since Baoycr's strain theory pictured cyclo- 
hexane as more strained than cyclopentane, and 
great er strain was associated with the larger 
rings, due to the assumption that all rings 
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(10) Pinacol -pinacolone rearrangements : 



Da. Scott Sbarlrs, Jr. 
Cross-references : Aliphatic Compounds , Aro 
malic Compounds , Ilctcrocyclic Compounds 


ALIPHATIC COMPOUNDS 

Organic compounds characterized by open chain 
structures are called aliphatic; contrasted with 
these are aromatic compounds, which have ring 
structures. Aliphatic compounds as a class are 
named from the Greek word aleiphar , which means 
fat or oil. While it is true that fats and oils are in- 
cluded among the aliphatic compounds, the group 
is fur larger than fats and oils alone. All open- 
chain hydrocarbons, both saturated and unsatu- 
rated, are aliphatic compounds. AIro all esters, 
ethers, ketones, aldehydes, amines, amides, alco- 
hols, carbohydrates, and substitution products of 
all the groups mentioned are aliphatic compounds, 
provided that they have no ring structure. 

Hydrocarbons contain carbon and hydrogen 
only; those that contain the maximum possible 
quantity of hydrogen are called saturated hydro- 
carbons. Saturated hydrocarbons are thought to 
contain bonds between adjacent carbon atoms 
that consist of a single shared electron pair (cova- 
lent bond). Saturated hydrocarbons all burn in 
air or oxygen. When the supply of air is adequate, 
the products of burning a hydrocarbon are carbon 
dioxide and steam (water). Saturated hydrocar- 
bons do not combine readily with bromine or with 
halogen acids. Their chemicul activity, aside from 
the ability to burn, is in general small. 

Methane (CID is the simplest and most abun- 
dant hydrocarbon. It is the chief constituent of 
natural gas. Methane (b p. —161 5) is thought to 
have a tetragonal molecule in which all the hy- 
drogen atoms are spaced an equal distance from 
the carbon atom and an equal distance from one 
another. 

II 

l 

The methyl radical (CH a -) II— C— is related 

I 

II 

H 

I 

to methane (CH 4 ) IT — C — II. A compound in 

H 

which one hydrogen of methane is replaced by 
the methyl radical is called ethane (CsHa) 

H H 

1 1 

H— C— C— H. The radical related to ethane is 

I I 

H H 


H H 

called the ethyl radical (Calls-) II — C — C— . In a 

1 1 

H H 

similar manner, the propyl radical (Call?-) is re- 
lated to propunc (CiHO and the butyl radical 
(C 4 H»— ) to butane (C 4 Ili«). 

As the number of carbon atoms increases, the 
molecular weight of the compounds in this the 
paraffin series increases, the boiling point rises, 
the specific gravity increases, but the general 
chemical properties are substantially tho same. 
Pentane ((\II 12 ). hexane (CJli 4 ), heptane (C?Hi«), 
octane (C\Hih), nonane (C 0 II 21 )), and dccane 
(C 10 H 22 ) all correspond to the general formulu 

(Ml «.«>- 

We cun represent tw r o formulas for butane. 
One has the carbon atoms arranged in a straight 
II 11 II II 

l l l 1 

chain H — C — C -C — C —II and the other has a 
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branched chain, II — C — 
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H II C— H II 
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arrangements correspond to the formula C' 4 Hio • 
Corresponding to these two formulas, two differ- 
ent butanes, and only tw T o, are known. The 
straight-chain butane (normal butane) boil-, at 
—0.6°, and the branched chain compound (isobu- 
tane) boils at —10 2°. These compounds are 
isomers of one another, that is, they differ in 
structure, but not in composition. Their properties 
differ slightly. As the number of carbon atoms 
increases, the number of isomers increases greatly 
For example, nonane has 35 isomers. 

Unsaturated hydrocarbons are called alkenes if 
they have one double bond, alkadienes if they con 
tain two double bonds. Unsaturated hydrocarbons 
that have a triple bond are called alkynes. Sat 11 
rated hydrocarbons, on the other hand, arc called 
alkanes. A double bond represents the bond- 
ing force between two udjacent carbon atoms 
as being attributed to two covulent electron pairs; 
a triple bond represents three covalent electron 
pairs between adjacent carbon atoms. Double and 
triple bonds do not represent additional bonding 
force, however; on the contrary, they are points 
for chemical attack on the molecule. For example, 
one mole of a hydrocarbon that contains one 
double bond reacts with one mo|c of bromine. One 
mole of a hydrocarbon that contains a triple bond 
reacts with two moles of bromine. 

Propane (OJI*) is a typical alkane. It is found 
in petroleum and in natural gal. It is also a by- 
product of the refining of petroleum. It boils at 
— 42°C, and is a gas at room temperature. Huge 
quantities of this gas are used for rural domestic 
fuel gas. 

Ethylene ( ethene ) (CsH<) is the simplest ulkene. 
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It iH found in natural gas, and is made to some 
extent by the destructive distillation of coal or 
wood; it is also formed by cracking petroleum. It 
may l>e made by dehydration of ethanol and by 
several other methods. Like all hydrocarbons, 
ethylene burns. It ulso undergoes a number of 
reactions that depend upon addition to the double 
bond. Chlorine, bromine, halogen acids, hypo- 
chlorous acid, hydrogen, and ozone all add charac- 
teristically at the double bond. Ethylene also 
polymerizes to form the well-known plastic ma- 
terial, polyethylene. 

Jiuladienc is a well-known example of an alka- 
diene. 1,3 Butadiene (C1I 2 =CII -C1UMJH,) 
contains alternate double and single bonds, an 
arrangement called a conjugated system. Isoprene 
[CII.--=C(CH,) -CI1=CH,1 is closely related to 
butadiene Butadiene may be obtained by dis- 
tilling natural rubber. Isoprene is used in the syn- 
thesis of sMitlictic elastomers. (See Duludiene.) 

Acitylnu ((’..Hi) is the simplest and l>est known 
member of the alkyno series It contains a triple 
bond (IK 1 "('ll), and it is correspondingly more 
reactive than ethylene. Acetylene is made in 
great quantities fiom the reaction of calcium car- 
bide with water* CaC,. f 2IIj() ► (MLT + 
('af()!l)» . The gas is stored in tanks that contain 
porous nuitemi *..•! M< a ctonc Otherwise the gas 
ma\ explode when it is compressed. Acetylene 
burns with an exceedingly hot flame which has 
the combined effect of the heat of decomposition 
and the heat of combustion The well known oxy- 
acetxlene torch uses this gas for fuel. Acetylene 
is also an important raw mateiial for several 
syntheses (See \c<*t> lent* ) 

Alcohols are related to hydrocarbons in that 
one or mote of the hydtogen atoms is replaced by 
an Oil group Ethanol or grain alcohol is maim 
factored by the fermentation of giain. Today, 
however, more than one half of the supply of 
ethanol ((\II.OH) is made b\ processes that 
consists essentialh of adding the elements of 
water to the double bond ol ethane^ (ML 1 
HOII > C, 11,011 (See article on \lcoh»ls for 
complete discussion ) 

Klhns are organic oxides. If 1{ represent.s a 
hydrocarbon radical such as methxl (('II, ), 

ethxl ((ML ) or vinyl <CH**CII ), then HOII 
is an alcohol and K (> H # is an ether Diethxl 
ether is the ether most frequent 1> used It is 
made by dehydration of alcohol It is well known 
as a solvent, fuel, anesthetic, and medium for 
organic reactions. lathers that have two different 
substitutents for It are called mixed ethers. Di- 
ethyl ether (CML -() (MI 0 m not a mixed ether, 
but methyl ethyl ether ((ML O (ML) is called 
a mixed ether. (See article on Ethers for complete 
discussion.) 

<) 

Aldehydes have the group — C — II. The general 
formula for an aldehyde is Rf'llO, and the sim- 
plest member of the aldehyde class is formalde- 
hyde (HCIIO). Like many other compounds that 
have hydrogen instead of a hydrocarbon radical 
for R, formaldehyde is not quite typical of the 
entire group of aldehydes. Perhaps acetaldehyde 


(CILCIIO) is more closely a typical compound. 
Aldehydes as a group are midway in oxidation 
condition between an alcohol and an organic acid. 
That is, oxidation of an aldehyde produces an acid; 
reduction of an aldehyde produces an alcohol. 
(See article on Aldehydes for complete discus- 
sion.) 

Ketones are R — CO — R'. Again both mixed and 
simple ketones are known, depending upon 
whether the substituted, for R is different or 
the same. CH»— CO- CIL is dimethyl ketone, 
more commonly called acetone. Likewise, the R 
substituent may be a saturated or an unsatu- 
rated hydrocarbon radical. Acetone boils at. 56 5 J C. 
It is a colorless liquid that has a characteristic 
pungent penetrating Home what sweet odor. It 
mixes completely with water and w*ith gasoline, 
it. is used as a solvent, and as a starting material 
in chemical syntheses. (See Ketones.) 

Amines (It NIL , RR'NH, RR'R"N) and 
amides (RCOXH* , It'CO RCONII, R"CO R'CO 
ROON) are derivatives of ammonia. (See article 
on Amines for complete discussion.) 

Organic acids (RCOOH) are characterized by 
the carboxyl group. Formic acid (I1COOH), a 
liquid that boils at 100.7°C, is slightly atypical 
Acetic acid (CMLCOOII) is a more typical member 
of the so-called fatty acid series The members 
of this series with larger numbers of carbon atoms, 
such as stearic acid (CoILtCOOII), are found in 
natural fats and oils in esters. Acetic acid is found 
in vinegar. It is made by fermentation of sugar 
followed b> oxidation of alcohol, by destructive 
distillation of wood, and syntheticallv from eth- 
anol or acet\lenc. Acetic acid is a weak acid, but 
it forms many well-known salts such as those of 
sodium, calcium, copper (the basic acetate), and 
lead Acetic acid finds main uses in the arts such 
as in dyeing and in photographic work. It is used 
to make cellulose acetate, widely employed as a 
base for photographic film and for other pur|Nises. 
One type of i.*.on (Celnnese) uses acetic acid in 
its manufacture (Sec \rids.) 

When an acid and an alcohol react in the pres- 
ence of a dchxdrating agent, a compound called 
an tstir may be formed m addition to water. For 
example, CILCHIOIl + (MLOll -► CH.OXXML 
(ethxl acetate) + IL<). Esters have the general 
formula RC'OOR', and there are many possibili- 
ties. Theoretictilly, every alcohol and every acid 
should form an ester. Since mono-, di-, and tri- 
hvdiow alcohols are known, and since mono-, di-, 
and tri car boxy acids are known, the possible 
combinations are numerous. Ksters often have a 
fragrant odor. Manx of them are found in the 
flavors of fruits ami flow'ers. Ethyl acetate boils 
at 77°(\ It is a colorless liquid, slightly soluble in 
water, but miscible in all proportions with alco- 
hol. It is a solvent, but somewhat toxic. 

In many cases a hydrogen atom can be replaced 
by a halogen atom, the nitro group, or a similar 
element or radical. The* resulting compound ia 
still open-chain, hence aliphatic. Familiar exam- 
ples are trichloroacetic acid (CCLCfXHI), chloro- 
form (01I0L), carbon tetrachloride (CCD, and 
nitromethane (CILN() a ). 

Still another large group of aliphatic com- 
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pound** in the* carbohydrates. These include 
starches and sugars. The general formula is 
is CzHi n O* . Common table sugar (sucrose, 
CisHmOu) is the most familiar example of a carbo- 
hydrate. Glucose, corn sirup (CJIizOr,), and lac- 
tose in mammalian milk (C'uIlstOn) are other 
examples of carbohydrates. 

Ei.rert C. Weaver 
Cross-references: Hydrocarbons. Alcohols, ParaJ 
Jins , Ethers , Aldehydes , Ketones , Amides , Amines. 
Fatty Acids , Esters , Carbohydrates , Fischer Tropsch 
Piocess, Butadiene 


ALKALIES 

Alkali is a name first applied to water-soluble 
components of the ashes of plants Land plants 
furnish largely potassium carbonate (K*CO s ), 
and sea plants, sodium carbonate (XajOOa). The 
characteristic action of these extracts is their 
ability to neutralize acids, or in the absence of 
acids to establish a basic condition. The alkali 
metal family of the periodic table received its 
name because the hydroxides and carbonates of 
its members are alkalies 

In its broadest sense the term “alkalies” is 
used to designate not only the hydroxides and 
carbonates of all members of the alkali family, 
but also the hydroxides and carbonates of Bn, Ca, 
Sr, Mg and NIL*, and some alkaloids. In its nar- 
rowest souse, the word may be used interchange- 
ably with “soda ash,” which is essent inlly Na*COa, 
because considering cost, abundance, availability, 
purity and ease of application, soda ash is the 
alkali most suitable for use in industry. 

Alkalies are required in many industries among 
which are: glass, soap, chemical manufacture, 
cleaners, petroleum drilling and refining, pulp and 
paper, rayon and other textiles, reclaiming rub- 
ber, vegetable oils, and water treatment. Lye, 
XaOlI; lime, Cat); soda ash, Na«C(), ; and am 
monia, XHi are sold as comparatively pure alka- 
lies in carload lots. In mam cases the metal of the 
alkali becomes a part of the product, as in glass, 
soap ami manufacture of chemicals. In such cases 
the alkalies may not be interchanged. In other 
cases the only function of the alkali is to decrease 
the acidity; here only the capacity to neutralize 
acid and the cost may need to bo considered. For 
neutralization of acids, the relative costs of some 
common alkalies are: lime, 1.0; liquid XH a , 4.0; 
Xa 2 CO, , 4.1; NaOH, 5.0; and KOII, 33.0. 

Sodium carbonate and potassium carbonate arc 
the essential components of water extracts of 
plant ashes and were the mild alkalies of the 
ancients. Either of these is powerful enough as a 
base to produce soap by boiling with fats and oils. 
But in the distant past before records became 
reliable it was found possible to prepare more 
active substances, the caustic alkalies. These were 
made by adding the proper amount of lime to the 
water extracts of plant ashes. The reactions are 
essentially: 

(a) 2Xa«CO, + Ca«)II) a - 

CaCO, + SJNaOH; 


(b) KaCOa + (J«(Oll)s . CaCO, + 2K()1I. 

The CjiCOi is insoluble; ami NaOH (caustic soda 
or lye), or KOII (caustic potash) remains in solu- 
tion. 

Today most of the caustic soda (sodium hydrox- 
ide) produced is made by electrolysis of brine 
(sodium chloride solution) using electrolytic cells. 
(See Chlorine). 

Some lakes without outlets (usually in desert 
areas) contain NasC'Oj , and beds of impure 
NaaCOa , or trona IXiisCOj’XalK'Oj] are found. 
These, too, are usually far from centers of popula 
tion, such as Owens and Searles Lakes in the 
California desert. It is generally cheaper to maim 
faet.ure any desired alkali than to gather and 
transport those nutural product**. 

F. E Brow \ 

Cross-references : Alkaloids. Ammonia , Calcium , 
Potass i u m , Sodi u m 


ALKALOIDS 

The nitrogen-containing bases found in plant** 
are called alkaloids, a name meaning “alkali 
like.” Alkaloids are widely distributed in nature 
coming fiom many genera and species of plants 
The part of the plant from which a given alkaloid 
may be isolated is also varied; alkaloids have been 
found in leaves, roots, seeds, oi balk, depending 
on the plant nt the alkaloid ot interest Since ihe 
beginning of recorded historv, alkaloids haw 
attracted attention because of their pronounced 
and often fatal physiological activity, but it has 
been their basicity which has allowed them to be 
isolated readily from their natural sources, and 
identified us specific organic compounds 

The general method for isolation of alkaloids 
from plants is based on the fact that pure alka 
loids are soluble in water immiscible solvents 
(ether, chloroform), while reaction with water 


N f IIX -> NIP 1 X 


converts the alkaloid to its acid salt, which is 
soluble in water. To prepare a pure* alkaloid, 
therefore, ground roots or leaves aie first extracted 
with a solvent such as ether or chloroform until 
the residue is clear of extractable matter. The 
extract is then acidified with mineral acid, to cause 
precipitation of the acid salts. A thorough washing 
of the ether extract with acidified w$tcr takes the 
alkaloid into aqueous solution. Careful neutraliza- 
tion of the acid causes reprecipitatian of the pure 
alkaloid, which maj r bo recrystuUized from a sol- 
vent in which it is sparingly solublo, such as ace- 
tone or methyl alcohol. Pure alkaloids prepared 
in such a manner as this are nearly all white crys- 
talline compounds of fairly high melting points. 
They contain nearly every nitrogen-bearing het- 
erocyclic ring system known, from the simple 
fivc-mcmbercd ring of hygrinc to the complex 
fused ring system of yohimbine. 

Chemically, alkaloids have two important prop- 
erties different from other organic systems. The first 
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is their basicity, which is important in separating 
them from the mixtures in which they occur in 
nature. The other is that they all contain nitrogen, 
usually in a ring structure of some kind. This fact 
has been most important to investigators of alka- 
loid structure since the beginning of organic 
chemistry, about 1800. The well-known Hofmann 
degradation reaction, which by conversion of 
nitrogen to its quaternary hydroxide leads even- 
tually to ring scission, has been a most valuable 
tool in this work, because it usually leads to 
readily identifiable fragments of the original com- 
pound. Other techniques which have, been useful 
for structure determinations are hydrolysis of 
ester and amide linkages, oxidation, and alkaline 
fusion, all of which break up alkaloid molecules 
into more readily identifiable fragments. 

Another chemical property which must be men- 
tioned, but which is not unique for alkaloids, is 
optical rotation. Because alkaloids are naturally 
occurring compounds, they are produced as pure 
optical isomers. For example, the primary alka- 
loid of tobacco, nicotine, is levorotatory, while the 
optical configuration of (/-nor nicotine, a closely 
related cnmpouim lound in a different plant, has 
the opposite optical configuration. Quite fre- 
quently it has been found that u given alkaloid 
has certain physiological actions completely ah 
sent iti its mirror-image alkaloid, which differs 
only in the configuration about one carbon atom. 

The systematic organic names for most alkaloids 
an* long and unwieldy, and as a result they all 
have common names by which they are known in 
commerce and medicine. Alkaloids are usually 
named for the genus or species of plant front 
which they come, such as plioearpinc ( P linear pus 
jabnrandi ), nicotine ( X Indiana t abaci tm) , and bar- 
man ( Prgamun harmula ), but many are named for 
different reasons. Some are named for physio- 
logical effects, such as emetine (ail emetic) and 
morphine, a soporific. The pomegranate alkaloids, 
pellet ierines, are named after the early investi- 
gator of alkaloids, the French chemitft Pelletier, 
who isolated strychnine in 1818, and quinine in 
1820. 

A given species of plant often contains more 
than one alkaloid, although they are usually quite 
closely related in structure. Thus, Hydrastis 
canadensis contains both liydrustine and berberine. 
It also happe.ns that a species contains only one* 
alkaloid. Thus far the species C ot chi cum has 
yielded only a single alkaloid, colchicine. 

Alkaloids are thought at present to occur in 
plants as cither starting materials or side products 
from the biosynthesis of proteins. Alkaloids occur 
In the rapidly growing parts of plants (seeds) or 
in the dead parts (bark) facts which lend sup 
port, to this belief. Also, some alkaloids show re- 
markable similarity to simple amino acids. For 
example, ergotuminc from ergot can be thought of 
ns made from four simple amino acids, lysergic 
acid, w-hydroxyaluninc, phenylalanine, and pro- 
lino. It must be added that this is not the whole 
story; some alkaloids have the sterol structure 
(solanidino and veratrum alkaloids) while others 
show no obvious relation to any other biologically 
active compound. 


Alkaloids huve attracted attention through the 
centuries not from their chemical properties but 
rather from their physiological activity. The 
poisoning of arrows, the chewing of betel nut, and 
the smoking of tobacco all have their basis in the 
specific action of an alkaloid. In South America, 
the Indians have long poisoned their arrows with 
curare, a mixture which contains curine os the 
principal alkaloid. Chewing betel nut and smoking 
tobacco arc both done for stimulation, and the 
alkaloids providing the stimulation are arecoline 
and nicotine. Home of the more potent alkaloids 
are also habit-forming, and their use is strictly 
regulated, but they are still among our most bene- 
ficial drugs. Strychnine, a violent poison in over- 
dose, can be successfully used as a heart stinm 
hint in extreme eases. Morphine und cocaine, 
infamous for their tendency to become habit- 
forming, are two of the most effective analgesics 
known to medicine. Other alkaloids common in 
medical pr rtice are quinine, an antimalarial, and 
colchicine, used sometimes in treatment of gout 
The reserpine alkaloids have recently shown some 
promise in treatment of mental disease and hyper- 
tension. 

Alkaloids are marketed as crude drugs. Their 
potency depends greatly on the age of the plant, 
the time of year harvested, the duration of storage, 
and the method of preparation. Also, the mixture 
may or may not contain harmful adulterants. As 
a result, each batch of drug must be checked h\ 
costly und time-consuming biological assay before 
it can bo placed on the market. To avoid these 
difficulties, organic chemists early tried to pro- 
pan* pure alkaloids by synthetic moans. They have 
been outstandingly successful in their task, having 
prepared nearly all the simpler ones, (harmun, 
tropine) and -oine of the more complex oneH, such 
as papaverine Along the way, chemists have de- 
veloped many substitutes for the natural drugs. 
Quite oftc a the substitute hus the beneficial prop 
ertics of the natural drug, with fewer deleterious 
side effects. For example, procaine (Novocaino). 
has largely replaced cocaine as a local anesthetic; 
it is about one half as potent as an anesthetic, 
but only one-fourth as toxic. Demerol has proved 
useful as a substitute for morphine. Also many 
ant imalarials have been developed to replace 
quinine. In spite of all these recent developments, 
natural alkaloids are still among the most useful 
medicines w r e have, and some of the ring systems 
wdiicli nature puts together with such surprising 
ease may continue to baffle chemists for years to 
come. Ki.rkkt O. Weavkk 

Veratrum Alkuloids 

The veratrum alkaloids are a group of alkaloids 
containing a steroid like ring systems and occurr 
ing in certain members of the Liliacvav family. 
They are of particular interest because of their 
activity in lowering blood pressure and certain of 
them are used clinically for this purpose. This hy- 
potensive activity, which is most pronounced 
among the triesters, is about half as groat among 
the di- And tetra-esters, about ^oth as great 
among the mono esters, very low' among the glyco- 
sides and almost lacking among the alkamines. 
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The intravenous hypotensive dose for tlio anes- 
thetized dog is of the order of 1 microgram per kg. 
body weight and the oral hypotensive dose for the 
human being is of the order of 0.4 to X mg., using 
protoveratrine A in both cases. Accompanying (he 
lowering of blood pressure, (here is a slowing of 
heart rate and occasionally nausea and vomiting. 

The veratrum alkaloids which have been stud- 
ied in detail have been shown to produce hypo- 
tension by acting upon certain receptors in hose 
impulses travel to (he vasomotor center via the 
vagus and the carotid sinus nerves. Two alkaloids 
have been studied in sufficient detail to eliminate 
or implicate additional pathways of hypotensive 
action. One of these, protoveratrine A, has been 
found not to have sites of action other than those 
mediated through the vagus and the carotid sinus 
nerves, while the other, veratridine, has been 
shown to have activity at other sites. These addi- 
tional sites may be central. None of the veratrum 
alkaloids have been found to have direct action on 
vascular beds. 

Harold A. Nash 
Cross -references: Asymmetry, Optical Rotation , 
Toxicity , Toxicology 


ALKYD RESINS 

A1k\d resins are the reaction products of poly- 
hydrie alcohols and minifying polybasic acids. 
The term "alkyd” was coined by It. II. Kienle to 
indicate the origin of the resins from alcohols 
and acids ("alcid”). These resins are important 
raw materials for every type of organic coating, 
including paints, enamels, lacquers, varnishes, 
and industrial and automotive finishes. They im- 
part high gloss, good adhesion, good resistance to 
weathering, and long life protection at reasonable 
cost. Their resistance to alkalies is genernll.v poor, 
but it can be improved with modifying agents. 

The first alkyd resin was prepared by Hcrzelius 
in 1S47 from glycerol and tartaric acid. In 1851, 
Van Hemmelen obtained a resin from glycerol and 
adipic acid. The first alkyd resins to become in- 
dustrially important were glyceryl phthalate res- 
ins prepared by the polycondensation of phtlmlic 
acid or anhydride and glycerol. The glyceryl 
phthalate resins wrerc introduced in 1901 by W. 
Smith but did not gain wide application until the 
development of the phthalic anhydride industn 
after World War I. 

The alkyd resins now T being produced may be 
divided into tw r o major groups based on the 
principal acid reactant: (1) phthalic alkyd resins 
and (2) maleic alkyd resins. The phthalic alkyds 
are produced in considerably larger volume than 
the maleic alkyds (1053 production: phthalic 
alkyds, 390,527,000 pounds; maleic alkyds, 
57,111,000 pounds). The phthalic alkyd resins arc 
essentially modifications of glyceryl phthalate. 
The most important modifying agents include 
other polybasic acids and polyhydric alcohols, 
drying oils and the fatty acids derived from them, 
and natural and synthetic resins. 

Maleic alkyd resins include resins prepared from 
maleic anhydride or acids derived from maleic 


anhydride by Diels-Alder or other addition reac- 
tions. The latter type includes the glyceryl esters 
of adductH of maleic anhydride with rosin, abiotic 
acid, terpenes, and conjugated diolcfins such as 
cyclopentudiene (Curbie acid resins). The adduct 
resins may be modified with oils. Oil-modified 
straight glyceryl maleates, however, are not manu- 
factured to a great extent because of the relatively 
high cost of maleic anhydride as compared to 
phthalic anhydride. 

Alkyd resins in which neither phthalic anhy- 
dride or maleic anhydride is the principal acid 
reactant amount to only a small proportion of the 
total alkyd resin production (18,862,000 pounds in 
1953). Some of the acids used include the dimer of 
abietic acid, sorbic acid, pelargonic acid, azelaic 
acid, and methvlenedisalic.\ lie acid, lsophthalic 
acid gives alkyds of excellent film strength. 

Glycerol is the principal polyhydric alcohol used 
in alkyd resins. Other alcohols used alone or as 
modifying agents are ethylene, dieth> Ieno, ami 
triethylene glycols, sorbitol, mannitol, and penta 
erythritol. The glvcols increase the flexibility of 
the resins. Sorbitol, mannitol, anil pent ucr\ thritol 
react more readily than gl ( \ enrol with acid con- 
stituents. Pen taerv thritol has four lndroxyl 
groups and thus permits a high degree of cross- 
linking with resultant increase in hardness. 

The leading modifying agents foi alkyd icsins 
are drying oils and the fatty acids derived from 
them. Alkyd resins are also modified with semi- 
drying oils and with nondryiug oils. The drying 
and semidrying oils used include linseed, soybean, 
tall, tung, anil dehydrated castor oils The soybean 
oil alkyds have the best color retention. Got ton - 
s(<ed, castor, and coconut oils are the commonly 
used nondrying oils. The alkyd resins are disting- 
uished by the amount of oil component they con- 
tain as well us by chemical composition. Generally, 
short oil alkyds contain less than 35 per cent by 
weight of oil, medium oil alkyds about 50 per cent 
of oil, and long-oil alkyds more than 60 per cent, 
of oil. 

The higher the oil content, the more flexible is 
the resin. Gomputihilil v for blending with oil- 
based paints or vehicles also increases with oil 
content. Long-oil alkyds are generally blended 
witli aliphatic solvents, but short-oil alkyds re- 
quire aromatic solvents. Medium-oil alkyds are 
compatible with both long- and short -oil alkyds. 
The long-oil alkyds are used mainly in air-drying 
coatings such as architectural paints. The short- 
and medium-oil alkyds are used for both air- 
drying and baking finishes, although the short- 
oil alkyds are usually baked to give very hard, 
durable finishes. The semidrying oil alkyds are 
used in low-temperature white baking finishes, as 
in finishes for refrigerator and "other kitchen 
equipinen'. They cannot be matched by other 
types of products for this purpose. They are also 
used in lacquers to impart adhesion and flexibility. 
Nondrying oil alkyds are used almost exclusively 
in lacquers and as plasticizers for other resins. 

Maleic anhydride is the most important poly- 
basic acid modifying agent for phthalic alkyd 
rosins. When used alone or with ester gums, it 
gives very hard re sins. Fumnric acid gives even 
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harder resins. Succinic, adipic, and scbncic acids 
increase flexibility. 

Both natural and synthetic resins arc used to 
modify alkyd resins. Phenolic rosin-modified 
alkyds have improved water and alkali resistance. 
Baking finishes are frequently formulated with 
urea-formaldehyde and melamine-formaldehyde 
resins to increase hardness and durability. A rela- 
tively small proportion of silicone in ihe alkyd 
will materially improve high-temperature and 
weathering resistance. Modification with natural 
resins such as rosin, copals, and ester gum gives 
rapid drying and setting coatings with pale color 
and high gloss. 

Alkyd resins are manufactured by direct fusion 
of the raw materials or by fusion in the presence 
of a solvent. Stainless steel or glass-lined equip- 
ment is used. A blanket of inert gas is maintained 
in the reactor. The reaction temperature ranges 
from 350 to 47()°F. Short -oil resins react faster t ban 
long-oil resins and are therefore produced in the 
lower area of this temperature range. Addition of 
maleic anh>dride increases the reaction rate. 

The phenolic resin modified alkyds are pre- 
pared bv adding a rosin-modified phenolic resin 
toward the end ot the alkvd reaction or a conden- 
sate of formaldehyde and a phenolic compound 
at the beginning of the reaction. 

Instead of using fat tv acidB in the alkyd process, 
it is possible to use u fatty oil together with the 
amount of glycerol necessary to form a fatty acid 
monoglvceride. The oil, glycerol, and some lime 
are heated, and then the acid compound is added. 
This “monoglyceride process** is used particularly 
for the long oil alkyds 

The consumption of alkvd resins of all types in 
United States was over 1(X) million pounds in 1953, 
us compared to only one million pounds in 1927. 


\t*ar 

Fioriiution (iiounds) 

Sales f|x>undH) 

1914 

237,883,000 

219, 685, (XX) 

1946 

245,371,000 

206,280,000 

1948 

288,253,000 

170, 751, (XX) 

1950 

401, 966, (XX) 

225,256,000 

1952 

431,266,000 

255,577,000 

1953 

418,945,000 

226,535,000 


(Source: U. S. Tariff Commission) 
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ALKYLATION 

Alkylation, in broad terms, is the process by 
which an alkyl radical is introduced, by addition 
or substitution, into an organic compound. Alkyla- 
tion may be classified accoiding to the typo of 
chemical bonding formed with the alkyl group. 
The process includes reactions whereby alkyl 
groups are bonded with carbon, nitrogen, oxygen, 
sulfur or metals to form compounds such as iso- 
paraffins, alkyl amines, ethers, mercaptans, metal 
alkyls, etc. Commonly used alkylating agents are 
olefins, alkyl halides and alcohols. 


In the petroleum industry alkylation generally 
refers to the reaction of an olefin with a paraffin, 
aromatic or other cyclic hydrocarbon to form a 
hydrocarbon equal in molecular weight to that of 
the combined reactants. Alkylation reactions 
assumed great importance in World War II in the 
production of high-octane isoparaffins, cumene 
and tetraethyllead for use in aviation gasoline 
as well as ethyl benzene for the production of 
styrene, used in the preparation of synthetic rub- 
ber and plastics. 

Alkylation of paraffins, particularly isobufane, 
with low molecular weight olefins to form high- 
octane isoparaffins in the gasoline boiling range, 
was first described in the late 1930’s. The reaction 
of isobutane with butenes is: 

(CH,) a CII + C\li* -> 

CJIi8(2,2,4-trimethy]pentane, etc.) 

Paraffin alkylation proceeds thermally at high 
temperatures and pressures and at low tempera- 
tures and pressures in the presence of certain acid 
catalysts. \ high paraffin-olefin ratio is required 
to prevent polymerization. The thermal reaction 
is carried out at about 900° F and at 3000-8000 psi. 
Ethylene, in contrast to its low activity in cata- 
1> t ic processes, is more reactive than higher molec- 
ular weight olefins The reaction of isobutane w’ith 
ethylene >iehls neohexane as the principal prod- 
uct Under thermal operation both normal and 
isoparaffins are alkylated. Yields per pass range 
from 11 to 35 per cent 

AlkOation of isoparaffins with olefins occurs in 
the liquid phase at low temperatures with cata- 
hsts such :is sulfuric acid, hydrogen fluoride, 
aluminum chloiide, boron trifluoride, etc. Com- 
mercially, alk>latc is produced by processes em- 
ploying either sulfuric acid or hydrogen fluoride 
•is catalysts. The development of the sulfuric acid 
process in 193') followed by the hydrogen fluoride 
process, led to a production of about 150,000 bar- 
rels of alkylate per day at the conclusion of World 
War II. In 1952 alkylation capacity was approxi- 
mately the same. 

In the sulfuric acid process, olefins such as 
propylene, butenes and pentenes react w'ith iso- 
butane in the presence of 98 per cent acid at 30- 
70°F ami at pressures of 100150 psi. About 3 to 
8 parts of isobutane per part of olefin are charged 
to prevent polymerization. Practically all the 
olefin rc’tct'. and the excess isobutane is recycled. 
Consumption of acid is 0 5 to 1.0 pound per gallon 
of alkylate produce d. 

The hydrogen fluoride process is somewhat 
similar to the sulfuric acid operation. Tempera- 
tures of 70-1 15°F and pressures of 125-175 psi are 
employed Consumption of acid is lower than in 
the sulfuric acid process thus making hydrogen 
fluoride competitive in spite of its higher cost. 

Alkylate composition depends upon the iso- 
paraffin -olefin ratio and upon the reactants used. 
Temperature, acid strength, and degree of mixing 
also affect composition. Isobutene is the most 
reactive olefin, whereas ethylene is not reacted 
by these acids. Aluminum chloride is used as a 
catalyst to produce diisopropyl from isobutane 
and ethylene. 

In the alkylation of aromutics tho production 



\LLKKGY 


44 


of ethyl benzene and cumene are important in- 
dustrially. Ethyl benzene results from the reac- 
tion of benzene with ethylene at 190°F over 
aluminum chloride as catalyst. Cumene, a com- 
ponent of aviation gasoline, is produced by vapor 
phase react inn of benzene and propylene at 400- 
500°F over a phosphoric acid catalyst. 

Although recent emphasis has been placed upon 
hydrocarbon alkylation, other types of alkylation 
have received a great deal of attention and nu- 
merous chemicals are derived by reactions of this 
nature. The manufacture of tetraethyllead pro- 
ceeds according to the reaction: 

4PbNa + lCjlUCl Pb(C 2 H fi ) 4 + 3Ph + INaCl. 
Consumption of this chemical, as a fuel antiknock, 
amounted to 530,000, 000 pounds in 1952 Among 
the many other chemicals produced commercially 
by alkylation processes a few may be mentioned - 
Aliphatic amines result from the reaction of alkjl 
halides with ammonia in alcohol solution; others 
such as “Oellosolvc” and “Oarbitol”, used as 
solvents, are products in which ethanol acts as 
the alkylating agent; ethyl cellulose, for plastics 
and protective coatings, is prepared by the action 
of alkyl halides on alkali cellulose Other alkyla- 
tion products include mercaptans from alcohols 
and hydrogen sulfide and silicon organics which 
show promise of application in lacquers, resins 
and lubricants. 

II. O Falkins 

CnsH -references: Gasoil ni , Antiknock Agents, 
Petroleum 


ALLERGY 

In its immunological sense the ter.m “allergy” 
means an altered degree of susceptibility caused 
by an inoculation and manifested in reaction to 
a subsequent inoculation with the same serum, as 
in anaphylaxis. Present concepts of allergy have 
developed through observations of clinical mani- 
festations in the tissues of man and animals cor- 
related with experiments on the serological spcci 
ficity of proteins, cell antigens, the nature ami the 
specificity of antibodies, the mechanism of sensi- 
tization by artificially conjugated antigens, the 
mechanisms of serological reactions of simple 
chemical compounds, chemical investigations on 
nonprotein substances reacting specifically, and 
the mechanisms of antigen-ant ihodY reaction. In 
the attempt to relate chemistry and physics to 
immunology and allergy the experimenter w T as 
always confronted with the questions (1) What 
molecules are involved? (2) How do these mole- 
cules react to produce antibodies and to react 
specifically with the antibodies thus produced? 

Very well known indeed is the chemistry of 
small molecules und remarkably well organized is 
our knowledge of the way in which they produce 
sensitization in animals and in man. However, 
until about 1940, nearly all these immunologic 
mechanisms were restricted to small known or- 
ganic molecules or of larger molecules of unknown 
structure, tfincc then there has been a new and 
rapid development of our knowledge not only of 


small molecules but also of large naturally occur- 
ring molecules of proteins. 

Electrophoretic separation has made it possible 
to isolate the main colorless constituents found 
in pollen extracts of giant ragweed, or dwarf 
ragweed and of timothy grass, and to characterize 
some of their ehemienl and immunologic prop- 
erties as well as those of the pigmented molecules. 
It has been found that the molecules responsible 
for clinical pollen lmy lover and usthnm are not 
the large protein antigens, as had hitherto been 
thought. The cause of the symptoms of pollinosis 
has been found to be comparatively small mole 
cult's, having molecular weights not much more 
than 5,000, und having properties similar to but 
not characteristic of proteins. These molecules, 
which have been isolated in highly purified form, 
have been named as follows 

(a) In giant ragweed pollen ( Ambrosia trifida), 
the main constituent has been called “Trifidin”. 

(h) In dwarf ragweed pollen ( Ambrosia artf 
misuu Jolia), the main constituent has been called 
“Artcfolin”. 

( c ) In timoth> pollen lophlutm prutuisc), the 
main colorless constituent was named “Platen 
sin” 

Similar results weic found in the electrophoretic 
analysis of June grass Hcnnudu grass, sheep sol 
rel, English plantain, hnch and red oak Electro 
phorctic anal \ sis showed a general similarity of 
all of the patterns with main colorless constituents 
ami minor pigmented f? act ions, the activity of 
w r hich, based on the evidence obtained thus far, 
indicates biological activity in both the pig 
mented molecules and the pigment free eoloiless 
components 

To determine the approximate size of the mole 
rules, the rate at which they sedimented in the 
ultracentrifuge was ascertained. They do so much 
more slowl> than scrum albumin. By correlating 
the ultraccntriiugal data with diffusion studies, 
it was found that these molecules had molecular 
weights of about 5,000 each rather low r for the 
molecular w-eight of a typical protein. It appears 
that these molecules are closer to high molecular 
weight polypeptides, air more diffusible than 
proteins, can permeate the living system more 
readily, and show greater stability in the presence 
of heat. 

The reactions of Trifidin and Artcfolin with 
serum diluted 1 :30 indicate that they arc high- 
molcrular-wcight polypeptides, coupled with 
other molecules formed more or less like carbo- 
hydrate molecules, and that much more careful 
chemical work will be rccpiired on these fractions 
to determine their precise chemical nature. This 
type of experimentation will lead to the explicit 
evaluation of a chemical structure of pollen anti 
gon nioteculcs. 

Whereas two decades ago there were most com 
plicated theories regarding the nature of proteins, 
the ultracentrifugal study of elect rophorcticnlly 
purified proteins now reveals a group of homoge- 
neous molecules of great importance to the aller- 
gist . The type of molecule found in many pollen 
extracts belongs to a new class of allergens which 
may be called “protoproteins”. The prefix “proto” 
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in chemistry denotes the first or (he lowest of a 
series. A proloprotcin, then, would he a substance 
on the borderline between the higher molecular 
weight, polypeptides and (he low molecular weight 
proteins. The designation of these highly aller- 
genic molecules by (he term “proloprolein” not 
only gives them a new name hut lends to this 
group of molecules a new (dement of predict- 
ability, which enables us to state that such small 
molecules can diffuse more readily, can permeate 
living mucous membranes with greater facility 
and offer greater hope of synthesis in the labora- 
tory. 

IKkold A. Abkamson 
Oohh -references: .1 ntibodirs, KU ct ru phoresis, 
Proteins 


ALLOTROPES 

Allot ropes are two or more forms of the same 
element, that differ in physical properties. The 
cause of the difference may be in the number of 
atoms per molecule, as with oxygen and ozone, or 
in the crystal for*i\«f the element , as with diamond 
and graphite (also called polymorphism). 

Ox>grn and Ozone. The density of oxygen is 
1 129 g per liter at ST1*; the density of ozone is 
2.1 II g per liter. The ratio of the densities is ob- 
viously 2/3. If w r e make the generally accepted 
deduction that oxygen has two atoms per mole- 
cule (CM, then ozone has three atoms per mole- 
cule ((>») The evidence for the existence of oxo 
zone (()<) is doubtful, although () 4 molecules may 
exist in liquid oxygen. 

Carbon. Graphite and diamond are clear-cut. 
allot ropic forms of carbon. The so-called amor- 
phous form of carbon is apparently composed of 
fragments of graphitic carbon, finely divided. 
Evidence for this view is obtained by x-ray in- 
vestigation. 

(iraphilr is composed of slippery Hakes. The 
product is relatively pure when prepare J by elec- 
tric furnace methods. Its density is 2.25 g per ml. 
The explanation of the lubricating qualities of 
graphite comes from the description of its crystal- 
line nature. In graphite, the carbon atoms exist in 
sheets. The force between the adjacent, sheets is 
small, and that between adjacent carbon atoms 
is much greater. Graphite is a good conductor of 
electricity, and is relativel> soft. 

Diamonds are natural crystals that are cubical, 
often colorless, or almost so, but sometimes found 
colored. They arc tho hardest substance known, 
and this property is directly related to their 
crystal structure Each carbon atom in a diamond 
ciystnl “rests** on a tripod of three other carbon 
atoms. The three carbon atoms in the base of the 
tripod are in turn supported by three more, theso 
in turn by three others, and so on. Carbon atoms 
in a diamond are 1 .51 A apart. The covalent bonds 
between adjacent carbon atoms are exceedingly 
btable. Diamonds have a density of 3.51 g per nil, 
and n relatively high refractive index, 2.1173. 

Phosphorus. When phosphorus vapor is con- 
densed, cubic crystals of white or yellow phos- 
phorus form. They melt at 44.1*0 and boil at 


2 H 0 °C\ Their density is 1.82 g per ml. White phos- 
phorus ignites spontaneously at about 34°C. If 
the pressure* in as high as 12,000 atm, a hexagonal 
instead of a cubic form appears. White phosphorus 
is insoluble in water, but is soluble in (\S 2 . In 
solution and as a vapor, this allot rope has a 
formula that corresponds to ] > i . It is extremely 
toxic, and should never be handled with the 
fingers. Violet phosphorus, also called nr-metallie 
phosphorus (melting point 590°(\ density 2.34 g 
per ml), is made by cooling a mixture of melted 
phosphorus and lead and then removing the lead 
with nitric acid. It is insoluble in most solvents, 
and it can be purified by sublimation at an ex- 
tremely low pressure. The* red phosphorus com- 
monly used in commerce*, w'hich forms on the 
outside of a stick of white phosphorus exposed to 
light, probably consists of finely divided violet 
phosphorus. Tin* red form is made by heating the 
yellow form under controlled conditions. 

Black phosphorus, also called 0 -metallic phos- 
phorus, is made by heating white phosphorus to 
220 °C 1 at 12,000 atm pressure. This form conducts 
electricity well, weighs 2.70 g per ml, and changes 
to ml phosphorus at 550 r (\ 

A sooty flake form of phosphorus has been 
made from white phosphorus at 300°C and 8000 
atm pressure. This allotropc may be amorphous. 
Its density is 2 25 g per ml. 

\rsenie. Tho allot ropes of arsenic, arc similar to 
those of phosphorus. The nr yellow form, As 4 , is 
similar to white phosphorus, but it is extremely 
met ast able. It can be made by cooling arsenic, 
vapor with liquid air. In the presence of light for 
a very short time, the more stable allotrope forms. 
Yellow' arsenic has density about 2 g per ml, is a 
poor conducior of electricity, and is soluble in 
GSs . The ordii* try 7 form of arsenic is metallic, is 
insoluble in ( - 5 , and is a fair conductor of elec- 
tricity. Its density is 5.7 g per ml. 

Sulfur. Rhombic sulfur (diamond-shaped crys- 
tals) is stable at room temperature. It consists of 
a staggered ring of eight sulfur atoms, four in one 
plane and four in another, alternately, with angles 
of 105° between them. 

At 95.5‘C, rhombic sulfur changes slowly to 
needle like crystals of monodinic sulfur. It is 
stable from 95.5 (’ up to 118.7°C, its melting point. 
When liquid sulfur is cooled, monoclinic crystals 
form first. While they keep their external shape of 
monorlinic, at temperatures below 95.5 n C they 
are composed of tiny rhombs, and they are very 
brittle. 

When sulfur is melted, it becomes highly viscous 
at about 1 NO° 0 , dark if impure, but colorless if 
extremely pure. Further heating causes the vis- 
cosity to decrease until sulfur boils at 444.6 u O. If 
sulfur at a temperature slightly below its boiling 
point is chilled, ns it is when it is poured into cold 
water, provided an impurity such as sulfur di- 
oxide is present, the form called plastic sulfur is 
made. This form consists of a tangled brush-pile 
like mass of sulfur chains. 

When plastic sulfur cools to room temperature, 
it becomes hard again. If sueli a mass of sulfur is 
extracted with CS* v the rhombic sulfur in it can 
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be removed. The remaining allot ropic form of sul- 
fur, insoluble in CS 2 , in amorphous sulfur, or S M . 

Selenium. The so-called amorphous forms of 
selenium (1) bright red when precipitated, or (2) 
vitreous when liquid selenium is cooled rapidly, 
are probably not definite allotropic forms. 

Selenium is known to exist as Sen in solution, as 
Set in vapor form, and as monatomic molecules at 
a higher temperature of the vapor. In crystalline 
form, evidence exists for the interpretation that 
selenium atoms form strings of spiral chains of 
selenium atoms. 

Tin. The familiar metallic form of tin (0) is an 
allot rope stable above 13 2 (\ Such tin melts at 
231. S°C as do all forms of tin, and it has a tetra 
hcdral crystalline structure in which adjacent tin 
atoms are more than 3 A part. Below 13.2°C\ tin 
changes slowl> to a gray powdery form (or) which 
has a cubical structure, and in which the inter- 
atomic space is 2.8 A. The transition is most rapid 
at —50V. A third allotropic form of tin (7) is a 
rhombic brittle form that comes when liquid tin 
solidities slowly. It is stable above 1G1°C. 

Iron. The form of iron that is stable at the low’- 
est temperature up to 912°C is «(ferrite, body- 
centered cubic). It is magnetic up to 750 o (_\ 
Gamma (7) -(austenite, face-centered cubic) is a 
nonmagnetic isotope, avid it is stable above 912°C. 
Delia (6) -ferrite (body-centered cubic) is possible 
between 1400°C and the melting point of iron, 
1535°C. 

Other Elements. The following elements are 
reported to have two or more polymorphic crystal- 
line forms: Be, Ca, Ce, Cr, Co, TIf, La, Mn, Np, 
Ni, O, Pr, Rh, Ru, Sc, Sr, Tl. Ti, W, IJ, Zr. 

Klbert C. Weaver 

Cross-references: Element a, (' rystaHoyraphy 


ALLOYS 

Alloys are metallic substances containing more 
than one metal or in certain instances a metnl and 
one or more nonrnetals. From a constitutional 
viewpoint wc may divide alloys into broad groups : 
(1) the constituents are only partly miscible in the 
liquid state; (2j the constituents are miscible in 
the liquid state but separate into tw’o or more 
phases on solidifying; (3) the constituents arc mis- 
cible in both liquid and solid states at least over a 
considerable composition and temperature range. 
The third group is by far the most important be- 
cause the solid solutions and their decomposition 
products provide the greatest variation in prop- 
erties. 

Alloys may be classified on such a constitutional 
basis, but in an article of limited scope it is prefer- 
able to consider them according to their basis 
metal, indicating in each case the constitutional 
basis for the special properties which make the 
alloy important. 

Iron -Base Alloys. Iron alloys, which include 
steels, are by far the most important from the 
standpoint of volume production and diversity of 
properties. The steels are basically iron-carbon 
alloys, and depend for their properties on the fact 
&hat carbon forms a solid solution with the high- 


temperature gamma form of iron, while it does 
not dissolve in the low-temperature alpha form, 
separating eventually as iron carbide. The prop- 
erties of the steel depend 011 the manner in which 
the iron carbide is separated. 

When plain carbon steel is quenched it becomes 
hard due to the formation of martensite, a tranN 
ition phase between the gamma solid solution and 
the alpha form. When this very hard steel is tem- 
pered bv heating to relatively low r temperatures, 
iron carbide separates in more or less coarse 
particles, which determine the hardness The addi- 
tion of other metals to iion-carbon alloys produce 
alloy steels. Tungsten and molybdenum act to 
prevent the tempering or softening of steels on 
tompeiingeven at a red heat . Such steels are called 
high-speed steels because they do not soften from 
heating by high speed cutting Chromium brings 
about rustless characteristics. Stainless steels are 
produced by adding nickel and chromium to low- 
carbon steels. 

Other iron alloys arc used because of the unique 
magnetic property of iron Silicon non allots are 
used for transformer cores because of their mag 
lictic softness, while iron allots with several 
metals, particularly cobalt, nickel, and aluminum, 
arc used for permanent magnets All alloys in 
wdiich the iron is in the low temperature or alpha 
form arc magnetic. Structurally these allots have 
high permeability and low coercive foiee if the> 
have large magnetic domains in which the atomic 
arrangement is uninterrupted. Conversely, when 
the alloy is bioken up into submit* rowcopic domains 
by tine precipitates or super structures they have 
high coercive force. The magnetically useful iron 
alloys are accordingly either solid solutions or 
their decomposition products Cobalt, when 
alloyed w'ith iron, has the unique property of 
increasing the field at which the alloy becomes 
magnetically saturated. 

Another group of iron alloys, also solid solu 
tions, are the iron-nickel alloys containing 40 50 
per cent mickel. These alloys have very low co- 
efficient of thermal expansion and include the 
alloy known as “Invar”, which has almost zero 
coefficient at room temperature. 

Copper -Base Alloys. From a volume stand- 
point, copper alloys, including brasses and 
bronzes, rank second to iron alloys. The brasses 
are copper-zinc alloys varying from 55-70 per cent 
copper. The higher copper alloys are more ductile, 
and the 70 per cent alloy is known as cartridge 
brass because it permits tlur deep drawing neces- 
sary for cartridge cases. The lower copper brasses 
are familiar in many uses. Wheti the copper con- 
tent falls below 63 per cent, the alloys contain 
another solid solution known as beta, which is 
characteristically hot workable even when up to 
1.5 per cent lead is added, to increase the ease of 
machinhig. All the brasses are solid solutions. 
Bronzes are alloys of tin and copper, but due to 
the scarcity of tin, are not so widely used as they 
once wore. Several commercial copper alloys are 
commonly referred to as bronze even though they 
contain only small amounts of tin. Manganese 
bronze is a copper alloy containing manganese, 
tin and iron which is used for ship propellers. 
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Beryllium bronze* is ail alloy of copper and beryl- 
lium which, liko steel, can be hen! treated to pro- 
vide a wide range of properties. An alloy having 
similar hardening properties is composed of copper 
with 20 per cent manganese and 20 per cent nickel. 
These alloys are solid solutions in various degrees 
of decomposition Phosphor bronze is a term used 
to describe copper alloys containing 1- 10 per cent 
tin and a trace of phosphorus Another group of 
copper alloys consists of copper nickel-zinc, and 
is known as nickel silver These mnv contain 18-30 
per cent nickel These alloys, which are solid 
solutions, are strong, corrosion-resistant, and 
silver colored They are used for many purposes, 
but particularly for tableware w’hich is silver 
plated 

Aluminum-Base Alloys. Many aluminum 
alloys are widely used. Aluminum silicon alloys 
containing 12 per cent silicon are used for castings. 
The crystallization of these alloys can be greatly 
changed by adding a little sodium called “modifi- 
cation” Wrought alloys of aluminum contain 
either about 4 per cent copper and 0 fi per cent 
magnesium or about 1 per cent silicon and 1 per 
cent magnesium These alhns are related to 
“Duralumin”, one oi the iirst “age harden able” 
allovs discovered by Wilm in 1911 The study of 
this allov resulted in an important contiibution to 
our knowledge of cont lolling alloy properties by 
decomposition of solid solutions by heat treat- 
ment 

Nickel-Ruse \lloy s. The most important of the 
nickel base allo\s is monel metal, a nickel copper 
solid solution containing about 70 per cent nickel. 
The alloys was originally produced by combina- 
tion smelting of nickel and copper ores. It is 
widely used for its corrosion resistant properties 
Several nickel alloys of the dispersion hardening 
type have been developed such as K monel, which 
contains copper and aluminum. A very important 
alloy of nickel is the nickel chromium alloy con- 
taining about 20 per cent chromium This allo.v 
has high electrical resistance, and great resistance 
to oxidation at high temperatures It is accord- 
ingly' used for electrical heating elements. Several 
nickel base alloy's are useful for magnetic pur- 
poses. An alloy of 7H 5 per cent nickel, balance 
iion, has very high permeability' at low fields. It is 
called “Permalloy” and has been used for tin* con- 
tinuous induct i vo loading of transatlantic cables. 
The alloy of 50 per cent nickel, 50 per cent iron 
has very high permeability at, higher fields such n s 
those in transformers. 

Lead and Tin Alloys. The most familiar of 
lead-tin alloys is solder, which usually contains 
40-50 per cent tin. It is used for its low melting 
point, and ability to wet metals which are to be 
joined. The solders are alloys in which the two 
metals are miscible in all proportions when liquid, 
but, which separate into two solid phases as they 
solidify. This fact is of importance in the proper- 
ties of solders because in alloy systems of this type 
there is a large temperature interval between the 
point at which freezing bogins and the point at 
which it ends. This range is called the plastic 
range, sinco in it the alloy is partially solid and 


can be formed into the desired shape. This form- 
ing in known as “wiping” in soldering procedures. 

Lead and copper arc immiscible in both liquid 
and solid state. By the addition of a third material, 
such as sulfur, the liquid metals can be emulsi- 
fied and after solidification find use as bearing 
metals, since they are composed of relatively' hard 
copper globules in soft lead. Lead alloyed with 
about 5 per rent tin is used for cable sheath, al- 
though this has been largely replaced with 1 per 
cent antimony. Storage battery plates are made 
from “hard lead” an alloy of lead with 10-13 per 
cent antimony. 

Tin base alloys are also important as bearing 
metals, commonly known as babbit metal. These 
allovs contain S3 91 per cent fin, 4.5-S5 per cent 
antimony, and 3 5-8 5 per cent copper. The value 
of these alloys as bearing metals depends on their 
structuie which consists of hard crystals of tin- 
antimony compound in a softer matrix. T.ype met- 
als are lead base alloys containing 11-25 per cent 
antimony and 3 13 per rent, tin. Modern pewter 
is a tin base alloy containing 4-6.5 per cent anti- 
mony, I 1 .5 per cent copper. 

Manganese -Rase Alloys. Two alloys with 
manganese base are of importance for their special 
properties A manganese copper-nickel alloy' has 
uiiiisiialh high coefficient of thermal expansion, 
while manganese copper alloys containing about 
20 per cent copper have a very high vibration 
damping capacity. This high damping capacity' is 
accompanied by an abnormally low' shear modulus, 
giving the alloy a high degree of surface conform- 
ance desirable for cams and other friction drives. 

Magnesium -Rase Alloys. Several magnesium 
alloys are used in the form of castings and extru 
sions because of the low .specific gravity of these 
alloys Mu-t of the magnesium alloys contain 3-6 
per cent al n rdnum, 1 5 per cent zinc, and 0 2-1.5 
per cent manganese 

Precious Metal Vlloys. The most important 
and familiar precious metal alloy is sterling sil 
ver an alloy of silver and copper containing 92.5 
per cent .silver. Coin silver contains from 50-90 
per cent, silver, balance copper. United States 
coins contain 90 per cent silver. The silver is 
alloyed to increase its hardness and strength. 
Silver solders are alloys of silver, copper, and zinc 
which are much stronger than lead-tin solder. 

Gold alloys are less common than silver, but are 
widely used for jewelry. Ordinary or yellow gold 
is an alloy of gold with copper or copper and sil- 
ver. The amount of gold in the alloy is expressed 
in parts in twenty-four, called “carats”. 14 carat 
gold is 14/24 or 58.33 per cent gold. White gold is 
usually a complex alloy the basis of which is gold- 
nickel. 

Platinum alloys are usually those with other 
platinum group metals, such as iridium and 
ruthenium which harden platinum. These alloys 
are used for scientific purposes and for fine jewelry. 

Titanium Alloys. Titanium alloys have re- 
cently achieved considerable importance because 
of their combination of light weight and great 
strength. The most important alloys contain 8 
per cent manganese; 4 per cent aluminum, 4 per 
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cent manganese; and 5 per cent aluminum , 3 por 
cent chromium. 

Cobalt-Base Alloys. Cobalt-base alloys have 
become important because of their high tempera- 
ture hardness and oxidation resistance. Such 
alloys are used in jet engines and rockets and have 
been called “supcralloys”. The cobalt is alloyed 
with chromium and with one or more of the ele- 
ments nickel, molybdenum, tungsten and colum- 
bium. 

Zinc Alloys. Zinc is more important as a minor 
alloying element than in zinc- base alloys; how- 
ever, a number of zinc alloys are used for die 
castings which find use iu inexpensive hardware. 
Zinc die-costing alloys contain copper, aluminum 
and magnesium. 

While not used as such, the alloy system lead 
zinc is of considerable commercial importance. 
It has limited liquid miscibility. In such a two- 
liquid layer system silver and gold are concen- 
trated in the zinc layer and are removed by solidi- 
fying the zinc crust. This process, known as the 
Parkes process, is used for removing silver and 
gold from crude lead. 

Bismuth and Cadmium Alloys. Bismuth and 
cadmium are used as alloying elements in the 
fusible alloys sometimes referred to as Wood’s 
metal. An alloy of 50 per cent bismuth, 27 per 
cent lead, 13 per cent tin, and 10 per cent cad- 
mium melts at 70°C. Alloys with other proportions 
of th^se metals melt up to 144°C, and by the addi- 
t ion of indium the melting point can he lowered to 
47°C. 

R. S. I>KXN 
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ALPHA PARTICLES 

Alpha particles, sometimes called rays, are 
spontaneously ejected from the nuclei of many 
radioactive elements as doubly charged helium 
nuclei with extremely high velocity ( (>i C to 
that of light). Until recently the radioactive 
alpha particle represented the highest concentra- 
tion of kinetic energy known to science. But with 
the advent of the cyclotron of Lawrence, helium 
(and other light nuclei) could be raised to much 
higher energies limited only by the cyclotron volt- 
age, thus generating so-called artificial alpha 
particles, which are used to bombard nuclei to 
produce other isotopes and to study their effects 
in radiation chemistry. 

All alpha particles have the same mass as the 
helium atom (4) and the same charge of 2 units 
representing the lass of two orbital electrons giv- 
ing the stripped nucleus IIo + *. (For a list of alpha 
radiators see the Table under Radium). 

An alpha particle travels in straight line through 
the electronic field of a large number of atoms or 
molecules (150-200 thousand in air) and only rarely 
suffers a large deflection by close collision with a 
nucleus. The kinetic energy is spent in collision 
by producing ionization (removal of one or more 
electrons), by excitation, and in other minor ways. 
In the five noble gases when highly pure, Jesse has 
found that the proportion of total energy expended 


by the alpha particle to the energy used in pro 
duciug ionization is constant, having the value 
1 .73, or that 36.6 per cent is spent in ionization and 
63.4 per cent in excitation, etc. The proportion of 
energy spoilt by alpha particles in exciting gas 
molecules (principally organic molecules in con- 
trast to atomic gases) is somewhat higher and 
variable (07 per cent for butane, 73 per cent for 
oxygen). 

When an alpha particle impinges on certain solid 
materials, especially phosphorescent zinc sulfide, 
a scintillation is produced which Van be ob- 
served under suitable magnification. By counting 
the number of scintillations per unit time from a 
known quantity of radioactive material much 
valuable information is obtained about the prop- 
erties of alpha particles and their interaction with 
matter. Historically this was of the highest im- 
portance. Later other types of counting b\ elec- 
trical discharge (Geiger counters) were in 
troduced. More recently scintillation counting, 
especial! \ for gamma ra\s. has again been success 
fully adapted by the use of photomultipliers 
Luminous paints, such as are used on watch and 
clock dials, are made by mixing radium (m mesa- 
thorium) sulfate with phosphorescent zinc sulfide 
The large number of sciut illations gives n con- 
tinuous luminescence visible to the rested eve. 

If alpha particles pass through a chamber con 
taining a gas saturated wdth water vapor thev pro 
•luce ionization along their paths. If the gas is 
suddenly expanded so as to produce siipersatura 
tion, condensation of water droplets occurs on the 
ions before they can diffuse. With suitable illum- 
ination the Wilson cloud tracks can he observed 
yr photographed. Path length and form, including 
pictures of nuclear collisions and energy distribu- 
tion among the fragments, are thus disclosed 

Owing to their high energy and ease of absorp 
tion by gases, alpha particles have been used as 
activating agent for many chemical reactions. 
Radon mixed w r ith the* gas or mixture of gases is a 
suitable system for chemical kinetic studies. 

» S. (\ Lind 

Cross -references: Protons, Electrons, Radio - 
activity. Radium 


ALUMINUM AND ITS COMPOUNDS 

Aluminum is a trivalent metal occurring in 
Group III of the Periodic Table. It has a molecu- 
lar weight of 2G.97 and atomic number of 13. It is 
in the fourth position of the Electromotive Series 
of metals 

Production. Although aluminum is I he world’s 
most abundant metallic element, comprising some 
8 per cent of the earth’s crust to a depth of about 
ten miles, it is now produced commercially only 
from bauxite. Large deposits of bauxite occur in 
many paits of the world, hut mostly in tropicul 
and subtropical areas. 

High-grade bauxite contains from 50 to 60 per 
cent aluminum oxide, or alumina, chemically com- 
bined with 12 to 32 per cent water to form a hy- 
drated oxide. The ore also contains silica (silicon 
oxide) 2-7 per cent; iron oxide 2-20 per cent; and 
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t it.'iniiiin oxide 2-4 per cent. Traces of a number of 
other minerals usually are present. Bauxites of 
lower grade, containing from 15 to 50 per cent 
alumina and correspondingly higher percentages 
of the other oxides, are being successfully pro- 
cessed today. 

Unlike some of the other common metals, alu- 
minum cannot be produced directly from its ore 
because the metals present as impurities would be 
carried through the processing and become alloyed 
with the aluminum. For this reason the ore must 
first bo refined to exclude the impurities. This re 
fining operation produces alumina of high purity, 
from which metallic aluminum of better than 
1KI per cent purity is obtained 

In refining bauxite, the first operation is to mix 
pulverized ore with appropriate amounts of soda 
ash, crushed lime and water, which form a solu- 
tion of caustic soda. This mixture is pumped into 
large digesting tanks into which steam is ad 
mitted under pressure. Motor driven agitators 
bring all the materials into intimate contact In 
the digesters, the alumina content of the bauxite 
is converted into sodium alumina te, which is solu 
hie. The unwanted materials, which are insoluble, 
are separated b> subsequent settling and filtering. 
The iilteied sodium aluminate solution then is 
pumped through cooling towers anil precipitators, 
and hydrated alumina is recovered as a solid. The 
Indratcd alumina thus obtained is passed through 
rotary kilns at a temperature of about 1S(K)°F to 
drive off the chemicalh combined water, emerging 
white hot as virtually pure alumina at the dis 
charge end. After cooling, the alumina is ready 
for shipment to reduction plants 

The solid residues removed by settling and 
filtering contain not only the unwanted silica and 
other oxides but also an amount of alumina anti 
soda equivalent to their silica content. Only ores 
of low silica content t hus can be processed econoni 
ically in this manner. For ores containing higher 
proportions of silica, the so-called * ‘combination 
process” is used. With this process, the filtered 
residues are sintered with soda ash andliinestone. 
The resulting sinter is leached with waiter con- 
taining a little caustic soda to produce a solution 
of sodium aluminate with only a small amount of 
silica. This solution is returned to the digesters for 
reprocessing. 

Separating t ho metal from its oxide (reduction) 
is accomplished elect roly t ically by passing an 
electric current through a solution of alumina ir 
molten cryolite in large carbon lined steel cells oi 
u pots'\ The electrolyte is maintained in a molten 
state by the heating effect of the electric cur relit, 
and certain fluorides are added to facilitate the 
action. Molten aluminum is deposited on the 
bottoms of the pots. At regular intervals it is 
siphoned out into large ladles, from which it is 
poured into pig or ingot molds. 

Proper lies. As it comes from the electrolytic 
pots, aluminum has a purity of 90.0 per cent or 
higher. The impurities are mostly silicon and iron, 
mith smaller amounts of titanium. Where a metal 
of higher purity is required, further refining .is 
necessary. Methods now r in commercial use will 
produce aluminum up to a purity of 99.99 per cent. 


Aluminum is available in practically all forms — 
plate, sheet, foil, rod, bar and wire, rolled struc- 
tural sections and other rolled shapes, extruded 
sections, tube and pipe, eastings of all types, 
powder and paste It can readily be formed or 
shaped by practically all metal-working processes. 
It can be welded, brazed and soldered. It is com- 
monly alloyed with small percentages of other 
metals to give it increased strength and hnrdnetp, 
improved casting characteristics or other desired 
properties. Both the mctul and its alloys are 
strengthened and hardened by mechanical work- 
ing, such as cold rolling, and some of the alloys 
are further strengthened by heat treatment. 

bike other metals, aluminum and its alloys lose 
part of their strength at elevated temperatures, 
although some allovs retain good strength at tem- 
peratures up to 400 500 'F. At subzero tempera- 
tures, however, their strength increases without 
loss of ductility, making aluminum a particularly 
useful metal fur low-temperature applications. 

When aluminum surfaces are exposed to the at- 
mosphere, a thin invisible; oxide skin forms im- 
mediately w r hich protects the metal from further 
oxidation. This self -protecting characteristic gives 
aluminum its high resistance to corrosion. Unless 
exposed to some substance or condition which de- 
stroys this oxide coating, the metal remains fully 
protected. Aluminum thus is highly rcsislant to 
weathering, even in industrial atmospheres which 
often corrode other metals. 

Many acids have little corrosive effect on alumi- 
num. In many cases, the rate of attack depends 
partly on the concentration of the acid or on other 
factors relating to service conditions. For ex- 
ample, fuming nitric acid and glacial acetic acid 
have little effect on aluminum, but dilute solutions 
of these acid* attack the metal slightly, particu- 
larly if ho 4 In certain concentration ranges 
sulfuric acid also may cause corrosion, hut the 
metal has been used successfully in contact with 
solutions containing as much as 5% sulfuric acid. 
Aluminum with anodically applied oxide coatings 
has been successfully used with sulfuric acid in 
strengths up to 15% solutions. Simple organic 
acids such as acetic, citric, lactic and tartaric, 
and fatty acids have* virtually no action on alumi- 
num at room temperature. The presence of a small 
amount of w’ater (even as little as a few* tenths of 
une pc cent) is sufficient to prevent action by 
fatty acids at elevated temperatures. Most of the 
fruit acids likew:-- do not attack the metal, and 
the addition of sugar acts as a corrosion inhibitor. 

Alkali metal hydroxides and alkaline earth 
hydroxides attack the oxide skin and therefore 
are corrosive to aluminum. Nevertheless, certain 
mild alkalies ran be rendered compatible with the 
aid of inhibitors. Ammonia and amines are used 
successfully with aluminum. 

Some alloys are less resistant to corrosion than 
olheis. These alloys often are protected from cor- 
rosive influences by cladding thoir exposed sur- 
faces with a thin layer of cither pure aluminum 
or one of the more highly corrosion-resistant al- 
loys. The resulting Alclad alloys, as they are 
called, are composed of a core selected for the de- 
sired physical properties and a cladding that will 
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afford electrochemical protection to tho core. 
This family of material* is especially suited to 
service iu environments where avoidance of per- 
foration i* paramount, as in rooting and heat ex- 
changer tubes. 

A word of caution should be mentioned in con- 
nection with the corrosion -resist ant character- 
istics of aluminum. Direct contacts with certain 
other metals should be avoided in the presence of 
an electrolyte; otherwise galvanic corrosion of the 
aluminum may take place in the vicinity of the 
contact, area It is good practice to select alloys 
having similar solution potentials in the expected 
electrolyte to avoid galvanic action. 

Lises of Aluminum Compounds. A number 
of aluminum compounds have important chemical 
applications. Although a high percentage of all 
the alumina produced is utilized for aluminum 
production, this compound also has many other 
uses. One of the most important of these is in 
abrasives. Some of the most efficient abrasive ma- 
terials contain alumina as either the sole or an 
essentia] ingredient. Substantial quantities of 
alumina arc used in quick-hardening cements. 
This compound also is an important constituent 
of certain ceramic products including home types 
of glass, vit reous enamel, pottery and china glazes, 
refractory bricks and spark [dug insulators. Both 
bauxite and alumina are used to produce alumi- 
num sulfate for water purification purposes. Pure 
alumina in hydrated form is used for the pro 
duction of high grade iron-free alum. Hydrated 
alumina uIho is used in the production of aluminum 
nitrate, aluminum chloride, aluminum phosphate, 
aluminum fluoride and zeolite. Other uses of hv 
drated alumina are as a pigment for paper-coating 
mixtures and in rubber compounds. A relatively 
new application is as a filler in shine types of 
plastic products where alumina improves abrasion 
resistance and increases the hardness of finished 
plastic pieces. 

Activated alumina, a highly porous form of the 
compound which is highly adsorptive, is an effi- 
cient desiccant for both gases and vapors as well 
as liquids. It is widely used by the petroleum in- 
dustry for the removal of moisture from both 
vapors and liquids and from natural gas. This 
industry also uses a number of aluminum com- 
pounds as catalysts in its refining processes. 

Aluminum fluoride is one of the compounds 
that is important in the production of metallic 
aluminum, along with cryolite, which is a double 
fluoride of sodium and aluminum. The latter com- 
pound also is used in ceramics and as an insecti- 
cide. Some cryolite is imported from the largest 
known natural deposit in Greenland, but much 
of it is manufactured from fluorspar, a fluoride- 
bearing mineral, and alumina. 

Tiik Aluminum Association 
Cross-references: Alloys, Corrosion 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 
SCIENCE 

Founded in 1848, the Association has as its ob- 
jects “to further the work of scientists, to facili- 


tate cooperation among them, to improve the 
effectiveness of science in the promotion of human 
welfare, and to increase public understanding and 
appreciation of the importance and promise of the 
methods of science in human progress.'* It was 
the first and still is the only American scientific 
society national in scope, with interests extending 
into all the fields of the natural and social sciences, 
and open to all scientists. 

For the first third of its history, the Association 
served as the focal point for the special fields of 
science. As science grew, the need for more special- 
ized societies and meetings became imperative 
and many of the large thriving scientific uigani- 
zations of today grew out of the sections of the 
Association and then became affiliates of the 
parent group. There arc now 205 societies and 
academies affiliated or associated with the A A AS, 
and individual membership lias grown to over 
50,000. 

The first meeting in September, 1818, was or- 
ganized around two sections “Natural Ilistoiy, 
Geology, etc ” and “General l'lrvsies, etc." These 
two sections have evolved bv a process of sub- 
division into 18 sections, each with an appointed 
secretary who serves for torn >eais and an annu- 
ally elected chairman who also holds the title of 
vice-president of the Association. The program of 
the section is developed by a section committee 
composed of the Council lepresentatives of the 
societies affiliated with that section, the secietaiy 
and vice president of the section, plus four mem 
bera-at-large. The Council as a whole eleels the 
Board of Directors and officers and determines 
gcncrul policy. 

Chemistry first appeared as a specific part of 
the program at the 1850 meeting in New Haven. 
The Section of Chemistry and Mineralog\ sched- 
uled five sessions with 20 chemical papeis. At tho 
Hartford, Connecticut, meeting in 187t a request 
from the previous year calling for a subsection on 
chemistry under Section A was approved, and S. 
W. Johnson served as the first chairman The 
Cincinnati meeting in 1881 marked the establish- 
ment of the full-fledged section on chemistry, 
Section C 

Although the American Chemical Society 
(founded in 1876) did not actually spring from 
Section C, the Section Committee spearheaded 
by F. W. Clarke and II. VV. Wiley played a key 
role in putting the floundering young society on a 
firm national foundation. Although the ACS has 
long since outgrown the possibility of holding joint 
meetings with the AAAS, both the Section C Com- 
mittee aud tho Association have enjoyed continu- 
ous close cooperation with both the local sections 
and the national office of the Abicrican Chemical 
Society, not only in the conducting of meetings 
but in many other efforts toward the advance- 
ment of chemistry and science as a whole. Two 
important examples are the AAAS Cooperative 
Committee on the Teaching of Science and Mathe- 
matics with members from the ACS and its Di- 
vision of Chemical Education and the joint spon- 
sorship (along with other groups) by the Society 
and Association of the Scientific Manpower Com- 
mission. 
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Publications. The publications of the Associa- 
tion have always played an important role in the 
dissemination of chemical knowledge. In the early 
years, before the meetings became so large as to 
make it impossible, the publication of the “Pro- 
ceedings” supplied an annual review of significant 
advances in chemistry as well as other fields. 

From the time of its establishment by Thomas 
A. Edison in 1880, Science has published a continu- 
ous account of important technical developments 
If has been an official journal of the AAAS since 
1900 and brings to scientists over the world every 
week news of scientists and science and technical 
papers reporting the results of current research. 

The Scientific Monthly , the. other official maga- 
zine of the Association, offers a wide variety of 
semitechnical articles in both the natural and 
social sciences designed to inform both specialist 
and layman of new and interesting discoveries, 
observations, and the results of analytical ami 
critical thinking 

The Association has published some 40 sympo- 
sium volumes, most of them based on papers pre- 
sented at its meetings. From the seventh volume 
(1939) on “lb in \d varices in Surface Chemist ly 
and Chemical Physics” to the thirty sixth (1954) 
on “Monomoleeular Layers,” chemistry has had a 
prominent place 

tiordon Research Conferences. The Cordon 
Research Conferences now represent the Associa- 
tion’s most important activity in chemistry. l)r. 
Neil E. Cordon organized the first summer con- 
ference of the series at Johns Hopkins University 
in 1931. From this small mooting of 25 faculty 
members and students of the University, the 
movement has grown to a total of 32 conferences 
with an attendance of over 3CXK) participants from 
aroutid the world. Far more important than num 
bors has been the increasingly significant stimulus 
to chemical research afforded by these informal 
week -long meetings. 

After four years on the Hopkins campus, the 
conferences were moved to (iibsoii Island, Mary- 
land, on Chesapeake Rav, a spot more conducive 
to leisurely informality and recreation than a 
city university could provide. By 1947 the facili- 
ties at Ciibson Island could no longer accommodate 
the conferences, and they were moved to Colby 
Junior College, Ncw t London, New Hampshire. 
Subsequent expansion has required the establish- 
ment of two additional centers at New Hampton 
School, New Hampton, N. 11., and Kimball Unii • 
Academy, Meriden, N. II. 

Each conference is a continuing autonomous 
entity on a specialized but fairly general subject , 
c.g., polymers, catalysis. The group attending 
one year selects the special phase of the subject 
to be covered the next year and elects a chairman 
to arrange the program (unless a previously 
elected vice chairman becomes chairman). The 
chairman, writh the assistance of the Director of 
the (IRC, selects those privileged to attend, a max- 
imum of 100, from the applicants. Those selected 
must be active mature researchers who can con- 
tribute both information and ideas. Every effort 
is made to distribute attendance from among 
acodomic, governmental, industrial, and foreign 


laboratories. Funds are available to assist foreign- 
ers and academic scientists. 

John A. Bkhnke 


AMERICAN ASSOCIATION OF TEXTILE CHEMISTS AND 

COLORISTS 

Formed “to promote increase of knowledge of 
the application of dyes and chemicals in the tex- 
tile* industry, to encourage in any practical way 
research w'ork on chemical processes and materials 
of importance to the textile industry, and to estab- 
lish for its members channels by which interchange 
of professional knowledge* among them may be in- 
creased”, the* Association was organized in Boston 
em Novembers, 1921. In accorelance with a resolu- 
tion taken at a meeting during the w r eek of the 
Uhcmical Show in New York the previous August, 
the inaugural meeting e>f the AATCC was held at 
the En girders Club in Boston. About 300 invita- 
tiems to become charter members of this new r 
boely had bee»n sent out to a representative list of 
textile chemists associated with textile or dyestuff 
manufacturing industry, or interested in dye- 
stuff application. Formation of local sections of 
the AATCC followed closely upon the inaugural 
organization. At present there are nine local sec- 
tions operating under the direction of the Officers 
of the Association. Membership in the AATCC 
has grown from 1000 in 1930 to over 7000 in 1953. 
Corporate membership is also permitted and en- 
couraged. 

Meetings of the members of all the local sec- 
tions are held annually, at which time technical 
discussions arc held, papers presented and out- 
standing si leakers are heard. A feature of these 
convention- - an Intorseeiional Contest in w'hieh 
the various -ections vie for honors with original 
research studies. The Association also has a place- 
ment service for its members. 

Probably the most important facet of the 
AATCC is its program of standardization of test 
procedures. A national Research Committee ap- 
points permanent committees to investigate and 
make reports on various methods of testing the 
properties c»i fibers and dyes, such as light fast- 
ness, wash fastness, dimensional stability, flamma- 
bility, chlorine, retention, and for evaluation of 
detergents, moth proofing agents, durable finishes, 
and the like. From the reports of these commit- 
tees, standard methods of testing and evaluation 
are set up. 

The AATCC is closely associated with the Tex- 
tile Research Council. These tw T o organizations 
founded the IT.S. Institute for Textile Research 
in 1930. In 1944 an agreement was reached with 
the Textile Research Institute to avoid any dupli- 
cation of effort by mutual discussion of new proj- 
ects. The Textile Research Institute proposes to 
undertake fundamental and applied research. 
The AATCC' would be concerned primarily with 
wet -processing of textiles and would be preemi- 
nent in the development of standard test methods 
for the use of the dyer, colorist, finisher, textile 
chemist, eonvortcr ami consumer. 

At the present time the AATCC is working 
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jointly with the Society of Dyers and Colourists 
in England on the publication of a new “Colour 
Index/’ which will describe the chemical structure 
and method of manufacture and application of all 
synthetic dyestuffs. 

The Association sponsors Student Chapters in 
connection with textile schools or similar educa- 
tional institutions. 

The official organ for publication of proceedings 
and technical papers is the American Dyestuff Re- 
porter, published by Ilowes Publishing Co. in New 
York. Besides this bimonthly technical magazine, 
each member is privileged to receive each year 
the “Technical Manual and Year Book,” which 
describes all standard testing procedure, and lists 
all proprietary products appropriate foi the tex- 
tile industry, with their chemical composition. 

Herman P. Baumann 


AMERICAN CANCER SOCIETY 

The American Cancer Society is a voluntary 
association of people united in a common deter- 
mination to control and eventually conquer can 
cer. Pioneer organization in this field in the I’nited 
States, it is the only voluntary national health 
agency engaged in a comprehensive program of 
cancer research, education, and service. Its chief 
work is saving lives, relieving pain and suffering, 
and raising funds for research. More than 1, (XX), 000 
volunteers across the country give time and energy 
to aid that work. It had its beginning in 1013, 
when a small group of doctors and laymen met in 
New York City to establish a society for study 
and prevention of cancer, and to educate the pub- 
lic in the necessity for treatment at the earliest 
sign of malignant growth. About SI 0,000 for this 
was raised in the first j'ear, a pamphlet, “Facts 
About Cancer,” was published, and discussion 
meetings with women’s clubs were held in various 
cities. 

Originally the organization's name was the 
American Society for the Control of Cancer. By 
1930 its activities had been widened to include 
education for general practitioners. It prompted 
the American College of Surgeons to set up stand- 
ards and plans for cancer clinics and diagnostic 
facilities. And in 1938 it helped inspire an Act of 
Congress designating April us Cancer Control 
Month. The Society was reorganized in 1915, wl^n 
its name was changed to the present form. It 
greatly expanded its board of directors, to include 
equal numbers of doctors and laymen, and then 
put on its lirst nation-wide drive for funds. 

Some of the research results are: (1) human 
cancer can be cultured in test tubes and in experi- 
mental animals; (2) important knowledge of chem- 
ical requirements for life of human cancer has been 
acquired; (3) based on this, means for relatively 
selective injury to or destruction of some human 
cancers have been contrived, though they are not 
cures; (4) transplantable cancers of several types 
in animals can be cured today to a substantial 
degree; (5) cancer cells develop resistance* to 
chemical agents, originally injurious to such cells, 
exactly as bacterial cells do; (6) resistant cells, 


however, may be injured by a second or third 
chemical. 

Since 1945 the American Cancer Society has 
devoted nearly $35, (XX), (XX) to research, allocating 
$5,242,167 for this in 1951. Twenty -five per cent of 
all funds it raises are set aside for research. 
CrantH-in-aid of $150,815 went for research speci- 
fically in chemotherapy in 1953. Part of the insti- 
tutional grunt program also was given over to 
chemotherapy. 

The Society is dedicated to a strictly practical 
objective: conquering human cancer, so its ulti- 
mate research interest lies in studies concerned 
directly with cancer in man. Basic research has 
developed chemicals already found useful in can- 
cer therapy, alleviating pain and prolonging lives 
in some t>pcs of that disease. But so far there are 
no chemical cures. 

All whose researches are supported by the So- 
ciety are concentrating on well-defined zones of 
investigation. Chemicals which offer the most 
likely Marring points for further experiment are: 
(1) hormones ACTTI, cortisone, estrogens, and 
androgens; (2) folic acid antagonists, such as 
aminoptcrin; (3) nitrogen mustards and related 
compounds -t riethyleueiiielaiuine, t riethylene 
phosphoramide, I , l-diniet hanosulfonow butane; 
(4) aiitimetabolites (mcrcuptopurinc) ; <5) amino 
acid derivatives, for instance a/aserine; (6^ 
urethane, the only known active member of its 
class. 

A broad reorganization of the ACS research pro 
gram, aimed at stepping up the sricqtilic attack on 
cancer, was announced on March 21, 1956. The 
Society’s new program will include: Program 
Grants: which will be in two parts one a commit- 
ment to support salaries of scientists up to five 
years; the other, an annual grant to defray costs 
such as equipment, supplies, and non professional 
salaries on a year to-year basis. Project Grants: 
may be defined as the award of a specific sum of 
money made available to an institution for a 
limited period of time. They should be viewed as 
grants-in aid. Institutional Research Grants: are 
allocations to qualified institutions to foster re- 
search — beyond that possible by project or pro- 
gram grants, i'ontracts for Research: to be governed 
by the nature anti unique requirements of the job 
of work to lie accomplished* - designed to cover the 
typo of activity not routinely performed by our 
institutions for higher learning, i.e., preparation 
in quantity of certain drugs or chemicals, develop- 
ment und standardization of a particular appa- 
ratus, etc. Undergraduate Science Scholarship 
Grants: to encourage deserving and qualified stu- 
dents, who w r ould not otherwise do so, to enter 
college for the purpose of majoring in science. 
Post-Doctoral Fellowship Grants: to provide sub- 
sistence ♦ « youngM.D.'s and Ph.Dta over a limited 
period of time, so that they may amplify their 
previous training and experience to the point 
where the> are able to conduct independent and 
productive research on some aspect of the cancer 
problem. Grants for Additional Faculty -Level Posi- 
tions for Scientific Investigators: to deserving insti- 
tutions for the purpose of making available addi- 
tional permanent positions in those branches of 
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the biological sciences that arc of importance to 
cancer research, (i Hints fot Scholars in Cancer Re- 
search: to persons who need advanced training but 
who are assured of a suitable position after coin 
plcting the scholarship, amount and term to be 
tailored to the individual needs of each grantee 
National headquaiters ot the \mcriran Cancer 
Societv are at 521 West 57th Street. New York 1th 
N Y. 

Tiilodoke Vdvms 


AMERICAN CERAMIC SOCIETY 

The Arneiican (Vtarnrc Nrciets is an organiza 
tion for the exchange ot scientific information and 
for publishing papers on scientific and technical 
research m the ceiamics field It^ membeis are 
iroin the wide* variety ot industries that produce 
uselul objects from inorganic, nonmetallic ma- 
terials, with maniilactunng pi oc esses involving 
heat in the range of TOO F to 3000 *F or lnghci 
These include thousands ot items ranging through 
buck and tile; gins* of a thousand uses; poicelain 
enamels for .xncueii, anitarx, chemical, heat re 
sislmg, and advertising purposes; abrasives, cc 
ments. limes and plasteis, table ware, electrical 
porcelains, chemical porcelains, and refi act ones 
for lining metallurgical lurnaees, jet engine** , and 
iefincr\ vessels 

Members of The Vrnencaii (Vramic Society are 
in eight divisions, Mn-ic Science, Design, Enamel, 
(Jla*«s, Materials and Equipment, Refractories, 
Structural (’lay Pioducts. and White Wares In 
addition the Society has two classes tin* (Vramic 
Educational (’ouncil for the study of curricula in 
ceramic schools, and the National Institute of 
(Vramic Engineers 

\n annual meeting of the Society each spring, 
division meetings each autumn and section meet 
ings through the year pi ovule opportunitx for the 
presentation and discussion of technical papers 
on basic and applied leseaich in the* materials, 
processes and products ot ceramic origin 

Publication of the moie significant of these 
papers and others papers on cut rent researches 
and developments of value to the ceramic industry 
is through the Society's three monthly publica- 
tions. The Journal of Tht American Ceramic So- 
ciety deals entirely with outstanding scientific 
papers on research in the ceramic field, presenting 
75 to 100 papers annually. These papers ineluu 
studies in analytical chemistry, crystal chemistry, 
colloid chemistry, solid state physics,, instru- 
mentations for 'high temperature rear! ions, as 
well as the development of specific ceramic ma- 
terials. Ceramic Abstracts offers a broad reference 
and abstract coverage of the entire ceraniic field, 
plus related coverage of geology, chemistry and 
physics. Every known publication on ceraniic and 
related subjects, in this and foreign countries, is 
carefully studied for the more than 28(X) abstracts 
published annually. The American Ceramic So- 
ciety Bulletin is devoted to papers on the applica- 
tion of scientific material to daily operation of 
ceramic plants. It also carries articles of historical 
and general interest, news of the activities of the 


Society, its branches and its members. In addition, 
the Society has sponsored the publication of 
numerous volumes of ceramic technical interest, 
including “Phase Diagrams for Ceramists,” 
“Enamel Bibliography and Abstracts,” “Bibliog- 
raphy of Magnesite Refractories,” “Bibliography 
of Silica Refractories,” and similar volumes. 

The \inerican Ceramic Society was founded 
Fcbiuarv 6. 1899, at Columbus, Ohio, under tfio 
leadership of Edward Orton, Jr., founder and head 
of the first school for ceramics in the Vnited 
States, at Ohio State Cniversity. Its first member- 
ship was of 15 “ceramic chemists or those, who 
understand ceramic work from the scientific side 
and would be willing to share their information 
with fellow members ” The Society has grown to 
moie than 1,000 members, including many in 46 
other countries 

Charles S. Pearce is general secretary of the 
Societx , a position he has held since 1946. He has 
had extee *,vc experience in the industry and is the 
author of numerous pupcis on enameling and 
porcelain 

The Society moved into its own building in 
(Vramic Pink, at 1055 North High St., in Colum- 
bus. Ohio, in November, 1054 Construction of 
thi> office building and ceramic show' place was 
made possible b\ more than $1(X),000 in gifts from 
Socict\ members 

Jvmks S. Wemii 


AMERICAN CHEMICAL SOCIETY 

In \pril 1S76, 35 chemists met in New York City 
lo form an American Chemical Society. The first 
published !.-t of members included 133 names. 
Originally ilu Society was incorporated in New 
York State Ey action of the 75th Congress of the 
Enited States, a national charter was granted 
efloetive January 1, 1938. 

The objects of the Society alivays have been 
“to encourage in the broadest and most liberal 
manner the advancement of chemistry in all its 
branches; the promotion of research in chemical 
science and industry; the improvement, of tlie 
qualifications and usefulness of chemists . . . , 
the increase and diffusion of chemical knowledge; 
ami . to promote scientific interests and in- 
quiry; thereby fostering public welfare and educa- 
tion, aiding the development of our country's 
industries, and adding to the material prosperity 
anil happiness of our people ” 

To serve specialized fields of chemistry, subject 
matter divisions are authorized. The first five were 
created in 1908; today there are 21. Geographic 
organization w r as conceived as a means of provid- 
ing to the members in a relatively small area a 
program of activities beneficial to the science and 
the profession and readily available to partici- 
pants. The first local section wras formed in 1890; 
at the end of 1955 there were 149. 

The Society as a ivholc has grown tremendously. 
At the end of 1955, there were 75,223 members, all 
meeting minimum standards of professional edu- 
cation and training. In addition, there wrere 4,839 
student affiliates. At the first national meeting in 
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1890, 43 chemists were in attendance. Registration 
at the 126th National Meeting in September 1954 
was 13,514. 

# The American Chemical Society owns and pub- 
lishes tho following, the date indicating time of 
establishment: Journal of the American Chemical 
Society (1879) , Chemical A bstracts (1907), Industrial 
and Engineering Chemistry (1909), Chemical and 
Engineering News (then called the News Edition 
of Induetrial and Engineering Chemistry) (1923), 
Analytical Chemistry (1929), The Journal of Physi- 
cal Chemistry (1896), The Journal of Organic Chem- 
istry (1936), Journal of Agricultural and Food 
Chemistry (1953). All except two of these were 
founded by the ACS. The Journal of Physical 
Chemistry w r as established by Wilder I) Bancroft 
and became the property of the ACS in 1933. It 
was not until 1952 that the Society also assumed 
the position of publisher. The Journal of Organic 
Chemistry was acquired in 1954 and the Society 
became publisher on January 1, 1955. In addition, 
the Society owns Chemical Reviews , published by 
The Williams & Wilkins Company. The Division 
of Chemical Education owns the Journal of Chemi- 
cal Education and the Division of Rubber Chemis- 
try owns and publishes Rubber Chemistry and 
Technology . (See Chemical Literature.) 

The usefulness of Chemical Abstracts has been 
expanded through periodic publication of collcc- 
the indexes of various kinds: Author, Subject, 
Formula, and Numerical Patent Index. In the 
“Advances in Chemistry” Series, the Society pub- 
lishes specialized symposia and compilations of 
useful data. In 1943 Atherton Seidell assigned to 
the ACS the copyright of his “Solubilities of In- 
organic ami Organic Compounds.” Subsequently' 
the ACS published supplements and currently a 
complete revision is in progress. The ivork of the 
Committee on Analytical Reagents is reflected 
from time to time in a publication presenting spec- 
ifications for reagent chemicals. 

The first serious attempt to build up a chemical 
literature in English without primary regard to 
commercial considerations w’as begun in 1920 when 
the series of American Chemical Society Mono- 
graphs was inaugurated. These books are pub- 
lished by the Reinhold Publishing Corporation, 
430 Park Ave., New York 22. 

The American Chemical Society is active in the 
educational field. Its first contact with students 
is with vocational counseling work at the Mgh- 
school level. For the employed individual, con- 
tinuation courses and special lecture series on 
specialised topics are sponsored by local sections. 
Between these two extremes are many other edu 
cational programs including the approval of de- 
partments in colleges and universities as qualified 
to give professional training. 

Literally thousands of ACS meetings are held 
annually, including national, regional, local, di- 
visional, and cooperative with other professional 
societies. 

Professional matters are of great importance in 
the Society’s program. Beginning in 1917 the work 
of the News Service has expanded gradually until 
today it is considered as an authoritative source 
of information for all those who disseminate in- 


formation to the public— press, radio, television, 
magazines, books, etc. 

The Society has increased the professional and 
economic status of chemists uml chemical engi- 
neers through various procedures. It 1ms extended 
opportunities for the profession; new jobs havo 
resulted from its efforts. It maintains various 
kinds of effective employment aids. It has pro- 
tected the chemist and chemical engineer against 
legal encroachments on their rights and has acted 
positively to gain recognition for their proper 
status. 

The Society maintains effective liaison with all 
branches of the Federal Government. In certain 
cases advisory bodies to Government agencies are 
created. As a Federally chartered body, it 1ms 
executed many assignments for the Government 
within its proper field. 

The Society administers 19 awards and its local 
sections and divisions sponsor others. 

The popular deliberative assembly of the So- 
ciety is itH Council. Each local section and each 
division is represented therein. Ex officio members 
consist of the President, the President-Elect, the 
Past Presidents, the Executive Secretary, the 
Treasurer, the Directors, and the Editor of each 
journal published by the Society. Total member- 
ship approximates 4(X). 

The Hoard of Directors is composed of the Presi- 
dent, the President Eleet, the most tecent Past 
President, six Regional Directors and four Dircc 
tors -at -Large, and is the legal re)) resent at ive of 
the Society. The Constitution provides (hat it 
“shall have, hold, and administer all the property, 
funds, and affairs of the Society.” 

The Society is administered fioni headquarters 
at 1155 Sixteenth St. N. W., Washington, I). C. 
Four of its journals also arc edited there. Tho 
staff of C hunical Abstnuts occupies a building de- 
signed specificall> for its use in Columbus, Ohio 
The Editorial Offices for JACS and JPC and 
the staff for tho Committee on Professional Train- 
ing are in Rochester, New York. JOC is edited in 
Detroit The ACS New’s Service is located in New 
York City. The four publications edited in Wash- 
ington have full time staff representatives in New r 
York, Chieugo, San Francisco, Houston, and Lon- 
don. Production work is centered in Easton, 
Pennsylvania. 

At the end of 1955, the full-time staff of the 
AC'S, including its publications, numbered 312. 
Other persons are employed during peak periods 
or in special assignments. These figures do not 
include abstractors for CA, contributing editors, 
advisory boards, personnel in tbe advertising de- 
partment, nor those engaged in printing; the last 
two are handled under contract. Local section, 
division, and committee perfonnol contribute 
hours of service equal in the aggregate to sub- 
stantial staff increases. 

Aldkn II. Emery 


AMERICAN DAIRY ASSOCIATION 

The American Dairy Association is the dairy 
farmer’s business voice in tho market places 
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across America. It is a non-profit, non-brand, self- 
help organization financed, directed and con- 
trolled by the nation's dairy farmers. Its year 
around program activities include merchandising, 
advertising, research and public relations to in 
crease the sale and use of milk and all dairy foodr*. 
The Association was founded in 1*140 with a mem- 
bership of six states and a budget of $270, 000. In 
1954 its membership has grown to 45 states and a 
budget of $5,000,000. Financing is accomplished 
by a year-around Set Aside, in most states volun- 
tarily, on the basis of one-half cent per pound of 
butterfat or two cents per hundredweight of milk 
delivered at the dairy plants. The advertising 
program covers national consumer magazines, 
metropolitan newspapers, restaurant publications, 
trade journals and farm publications. National 
network radio broadcasting and TV is employed. 
Its merchandising activities include month-b\- 
inonth, product by product festivals (merchandis- 
ing events) with tie in promotions by manufactur- 
ers of related foods, dairy product distributors 
and retail outlets. 

Research activities include financial support of 
specific proje* l A wi. pmblems related to increased 
sales of dairy products. On the scientific side, 
projects are places! at universities, experiment 
stations, laboratories, medical colleges and re- 
search centers. On the niurket side, consumer 
studies and interview surveys are supported and 
encouraged with the nation's leading market re- 
search ot ganizations. 

Public relations activities include a regular 
recipe release service fiom the Home Service De- 
partment to food editors of metropolitan news- 
papers, national consumer magazines, radio and 
television. Public relations also stresses feature 
ami news information to the press, radio and tele 
vision in addition to conducting editorial forums, 

Lester Will 


AMERICAN DRY MILK INSTITUTE 

The American Dry Milk Institute was organized 
in 1925 to do research and educational work into 
nonfat dry milk solids. Research includes: (1) 
Technical research on standards and grades, 
methods, sanitary and quality code, packaging. 
The standards, grades, and methods developed 
have been adopted by all government agencies. 

(2) Product research into new uses, methods ol 
use, established uses, nutritional contributions. 

(3) Market research on distribution, sales, end 
use, trends, potentials. 

The; Institute maintains a laboratory which 
provides facilities for industry control and re- 
search. The principal area of research covered by 
the laboratory is chemical analytical methods. 
Since 1935, the laboratory personnel have pub- 
lished frequently in the Industrial and Engineering 
Chemistry , Journal of Association of Official Agri- 
cultural Chemists , Journal of Dairy Science , Cereal 
Chemistry , and Journal of Milk and Food Technol- 
ogy, In addition to the chemical and bacteriologi- 
cal laboratory, the Institute also maintains a 
bakery laboratory in which it studies application 


of milk products to baked goods. Since its found- 
ing, the Institute has maintained annual fellow- 
ships and grants-in-aid at universities throughout 
the country on one or more phases of dry milk and 
its relation to the food industry. 

Translating potentialities into practical achieve- 
ment s through market development, the Institute 
renders direct customer service through a tech- 
nically trained field staff, carries advertising and 
publicity in trade and professional papers, dis- 
tributes publications, press releases, etc. It is 
constantly alert to all legislative activity related 
to dry milks in order to quickly mobilize industry 
strength in support of interests. Governmental 
contacts are constant, constructive and produc- 
tive. Toamw r ork of Government and Industry 
through ADMI has aided in quality and scientific 
development; increased production, improved 
packaging, storage, and distribution; expanded 
use; and has achieved better understanding of the 
nutritions! contribution of dry milks. 

Production lias grown from 73 million pounds 
in 1925, at the time the Institute was organized, 
to 1*4 billion pounds in 1955. New and expanded 
markets are needed, and the Institute continues 
its research and market development effort** to- 
ward this end. 

Dorothy MK'vnn 


AMERICAN INSTITUTE OF BAKING 

In 1897, the newly organized baking industry 
of the United States chose as its first honorary 
member --a chemist. It was at this meeting too 
that the idea of u scientific and educational center 
of the indu * r v w r as proposed. When the American 
Institute of i>: king was founded twenty-two years 
later, its init** I activity wras laboratory research 
and service. Through the years, the plan for link- 
ing the American Association of the Baking In- 
dustry with research, and also with training in 
baking technology, was discussed at each meeting 
of the Association. In May of 1918, a plan was 
submitted to finance the establishment of an in- 
stitute. A director, Harry E. Barnard, and staff, 
C. B. Morison and Peter Pirric, were secured in 
the fall of 1919, and research and service labora- 
tories w T cre opened in rented quarters in Minne- 
apolis. 

Activities of the institute became of such direct 
service to tho industry and the possibilities for 
the expansion of research, service and educational 
activities became so apparent that plans were 
made for enlarged facilities. The Wahl-Henius 
Institute was purchased, and all equipment, per- 
sonnel and activities were removed from Minne- 
apolis to 1135 Fullerton Avenue, Chicago. The 
School of Baking opened in 1922 in the new head- 
quarters, and the former Walil-IIenius library of 
fermentation became the nucleus of the Louis 
Livingston Library of Baking. Some years later a 
department of nutrition was established in New 
York City, with Dr. James A. Tobey as its direc- 
tor. This work later w’as expanded into the Con- 
sumer Service Department of the Institute, and 
upon the closing of the New* York branch, test 
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kitchen and offices for I he department were 
openod in Chicago. Fifth of the major departments 
of the Institute, the Department of Bakery Sani- 
tation, was organized in 1945 at the request of 
the baking industry. 

For almost 2!) years, the Institute functioned 
at the headquarters on Fullerton Avenue, con- 
tinually expanding its services both to the baking 
industry and to the consumer. Fur the six year 
period 1943-1049, Dr. Franklin (’ Bing, eminent 
nutritionist, was director of the Institute. In 
194X, the Board of Directors of the Institute de- 
cided to purchase propertx for the erection of a 
new building. A site at 4(X) Fast Ontario Street, in 
the heart of Chicago’s hospital and university 
area, was acquired. The new building was dedi 
cated in October, 1950. 

The funds which made possible the new facilities 
and the development of an enlarged program of 
research, service and education w’cre by subscrip 
tion in the industry itself. The larger part of the 
machinery and equipment and laboratories has 
been consigned, loaned or donated by bakery 
equipment manufacturers, or as a memorial to 
some bakers’ association, group, company, or 
individual. 

Investigation of food poisoning problems is an 
example of the type of project iinanced by the 
general funds of the Instit ute. The Sugar Research 
Foundation sponsored a study of the function of 
sugars in bread. An investigation of the bacterio- 
logical characteristics of pineapple cream fillings 
was financed by the Pineapple Growers Associa- 
tion. 

Since 1918 the Institute has been studying bread- 
staling, a project financed mainl> by funds from 
the Department of Agriculture, and to some ex- 
tent by the general funds of the Institute. During 
1952 a third phase of the project was completed. 

While research is the primary function of the 
laboratories, the department has an important 
role in the education and service activities of the 
Institute. Educational contributions also are 
made by the publieation of articles in technical 
or trade journals, and of special laboratory bulle- 
tins. Finally, there is the analytical section, which 
has been designed primarily as a service labora- 
tory for bakers. Subscribing firms submit samples 
of ingredients or finished products for analysis. 
From a laboratory examination of flour, it is possi- 
ble to determine the best way of handling the 
flour to produce a good louf of bread. 

Late in 1952 the laboratories were granted a 
half million dollars by the Max (!. Flcischmnnn 
Foundation, to be transferred to the Institute at 
the rate of $50,000 per your. This will enable the 
Institute to continue its study of the staling phe- 
nomenon, w r hieh previously hail been conducted 
on a contract basis in limited areas of investiga- 
tion. 

The Institute’s programs in scientific research 
are under the guidance of William B. Bradley, 
scientific and research director of the Institute, 
with Welker (». Bechtel as director of laboratories. 
A staff of twelve, including research and analyti- 
cal chemists, research bacteriologists and nu- 
tritionist, and baking technologists, works on the 


service and research projects. Fifteen well known 
scientists lend their professional help to the lab- 
oratory investigations, and hold regular meetings 
at the Institute. 

Howard (). Hunter i* President of the Institute, 
and its other officers are Louis E. (’aster, chair- 
man of the board; Milton Petersen, vice chairman 
of the board; Joseph A. Lee, treasurer; and Paul 
Chapman, secretary. A board of directors is com- 
posed of men of the baking industry and allied 
trades. 

The American Institute of Baking is an Illinois 
corporation not for profit It is financial I.v sup 
ported ill several wavs* by membership dues; by 
fees of departments such as the School of Baking 
and the Sanitation Department; bv grants for 
research project and b\ payments from the 
Bakers of America Program for services rendered 
in ( 'niiMiincr Service 

R. 1 Tkwkv 

Fcrmenlul ion in Brcadmuking 

Flour w r as made in stone mills until about 1XS0, 
when roller mills permitted the development of 
various grades of flour superior in bread making 
properties. The production of a uniform t\pe of 
compressed yeast of good keeping qiialitx and 
good quality protein Hour enabled the bakers to 
standardize their procedures These advances 
made the development of commercial bakeries 
possible. At present it is estimated that 90 per 
cent of the bread consumed in the 1J. S. is produced 
by bakers. 

Leavening of doughs by means of veast is a 
biological process The dough is made b\ mixing 
flour, water, yeast, and usually sugar, salt, short • 
ening, and nonfat drv inilk. Enzymes and dough 
conditioners may be added. 

Recently the Food and Drug Administration 
defined white bread, enriched bread, ami various 
other types of bread, and issued standards. There 
are many different types of bread, such as hearth, 
pan. and rye broad, but breads of these types are 
produced bv using veast as a leavening agent . The 
sugar developed by the enzymes generally present 
in flours, as well as the added sugar, is partly 
utilized by yeast to produce alcohol and carbon 
dioxide, the latter producing aeration. Actually, 
the action of yeast in the fermenting dough is 
not fully understood, for in addition to carbon 
dioxide production, other reactions take place: 
the dough becomes acid; thn properties of the 
gluten are altered; there may be some action dur- 
ing fermentation on flour proteins and the 
starches are modified. This action is known as 
“conditioning.” It is a dynamic process. It in- 
volves chemical changes in sugars, starches, 
amino acids, proteins, and enzyme systems. Many 
of these conditioning reactions, such ns the action 
of added oxidants on gluten and the metabolic 
activity of yeast in doughs, have defied complete 
analysis. 

In the United States bread is mainly produced 
by two methods, the straight dough and the 
sponge dough. In the former, all the ingredients 
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are added at one time, and the yeast in amount of 
1 to 3% is allowed to ferment at about 80 to 85°F 
with controlled humidity until the dough is prop- 
erly aged or conditioned. It is then sent to the 
divider, cut, weighed, rounded, and allowed to 
ferment for 10 to 20 minutes in the overhead proof. 
The dough units are then passed into the moulder, 
and the moulded dough is placed in pans, and 
proofed for 60 to 70 minutes at 95 to 109°F. The 
dough rises rapidly, and when it reaches the top 
of the pan or slightly above, it is sent to the oven 
and baked at 875 to 45Q C F. 

The spongo process is generally carried out by 
adding 60% of the flour and water to be used with 
veast, diastatic enzymes, dough conditioners, and 
part of the salt, mixing, and fermenting at 76 to 
7K°F wdth controlled humidity until the sponge is 
properly conditioned as indicated by the character 
of the dough and the collapse of the sponge. The 
sponge is then returned to the mixer to be mixed 
wdth the remaining yeast, making a total equiva- 
lent to 2 to 8%; the remaining flour, salt and water 
are added, together with other ingredients which 
are generally included in the final dough, such as 
shortening, xiiptr . *md nonfat dry milk. The dough 
usually ferments for 10 to 10 minutes at 84 to 8f> 0 F, 
and is then treated like a st might dough: cut ami 
weighed by the divider, rounded, teimented 10 to 
20 minutes, moulded, panned and allowed to rise 
in the proof at about 100 I' until the dough rises to 
the level of the pan oi -light 1\ abo\e The dough 
loaves are then placed hi the* own and baked at 
125 F. oi shghtlx lughei, loi .10 minutes and then 
cooled The fermentation continues hi the oven 
until the tempeiatuie leaches approximated 
lU'F, when it ceases, but the gases continue to 
expand the dough until the gluten coagulates and 
the gas escapes. 

A number of tactois jnlluenee the volume, loaf 
chaiactei, flavor, and odor of biead Bread made 
without ieuneiitat ion lias no flavor except that of 
the flour. A laige amount ot wast gives a distinc 
five eharactei to lu end F.th\l alcohol, aldehydes 
acids, and ketones ate piuduced during # fcimeiita 
lion, and the> influence flavoi and odoi of itcshlx 
baked bread. Certain di\ \ easts aie “proteoh tic** 
and have a strong l educing action in doughs, 
changing the flavor and crumb stmeture. <Uu 
tathionc is apparent I \ involved as a factor. Thi- 
amine, ammonium ions, amides, and amino acids, 
if present in doughs, accelerate the late of for 
mentation, and may thus influence the volume 
and internal characteristics of the loaf. Mineral 
Balts of phosphates, magnesium, potassium, and 
sulfates are necessary for fermentation These 
salts and thiamine are usually present in wheat 
Hour. 

The rate of fermentation is an important factor 
in developing a dough. Most bakers use from 1*2 
to 3% yeast. Yeasts grown on caue or beet molasses 
often ferment at decreased rates when confined to 
fermenting maltose produced by the enzymes of the 
flour. There is usually a lag period of 20 to 30 min- 
utes following the fermentation of tlio preformed 
sugar, sucrose, and levosin present in flour; during 
this time the yeast adjusts its rate, finally ferment- 
ing nearly at the rate it attains on canc sugar. (Uu- 


cose and cane sugar ferment at approximately the 
same rate. The enzyme invertase converts cane 
sugar to dextrose and levulose. Yeast selectively 
ferments dextrose in a mixture of the two sugars. 
As a result, levulose is usually present in larger 
amounts than dextrose in the baked bread. 

Sensitivity of yeast affects the fermentation 
rate. Some yeasts are affected by the salt concen- 
t ration which may reach 2 to 2*$ per cent in cer- 
tain doughs. Osmosensitivity of certain yeasts 
may not be confined to salt alone, but sugar sensi- 
tivity may also be involved; 2*£ to 5% of alcohol 
perceptibly depresses the fermentation rate of 
certain yeasts. Levels of 1 to 3% may be produced 
in doughs by fermentation. 

The temperature in dough fermentations is an 
important factor. Doughs are usually fermented 
at temperature ranges of 75°F in the dough to as 
high as 109°F in the proof box. The yeast continues 
to ferment in the oven at higher temperatures. 
The more distant the yeast is to inactivation at 
low or hign temperatures, the greater is its effec- 
tive working range and ability to produce a well 
leavened loaf Inhibiting substances which de- 
crease the rate of fermcntalinn are present in 
varying amounts in wheat flour. Thills has iso- 
lated a substance, purotliionin, which is toxic to 
wust. 

A large amount of fundamental work will be 
required before the basic l (‘act ions involved in 
the leavening process can be fullv controlled or 
followed 

(’li YULES 2s. Fret 

Cross -references : Knzymts, Foods, AnUlnolis 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 

Organized i” Februaiy 194S under the sponsor- 
ship of the National Research Council, the Insti- 
tute became independent in January 1955, when 
it was incur poiated in the Distiirt of Columbia. 
Offices are now located at 2000 P Street, X W„ 
Washington 6, D. C 

The Institute is a voluntary association of pro- 
fessional biological organizations and individuals 
who shaie a lommon interest in the life sciences 
The specific aims of the Institute include (1) 
assist ‘liiec t o biological societies and similar organ- 
izations in matters of common concern which can 
be dealt with most effectiveh by united action; 
(2) promotion of unity and effectiveness of effort 
among all who are devoting themselves to the bio- 
logical sciences b> research, by teaching, or by 
application of biological data; t3) furthering the 
relationships of the biological sciences to other 
sciences and to the arts and industries; and (4) 
cooperation with local, national, and international 
l )iological organizat ions . 

The official publication of the Institute, The 
A.J.B.S. Bulletin , serves as a medium of inter- 
socicty communication, a source of general bio- 
logical news and information, and a foiuin for the 
discussion of subjects of general interest to biolo- 
gists. 

Arranging for national meetings of A.l.B.S. 
societies and other societies who request such 
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service is another important aspect of the 
A.I.B.S. program. This program also includes a 
Placement Service offering a liaison service 
between biologists and prospective employers, a 
business office service including the maintenance 
of society addressogrApli files, and representation 
of biology with the Federation of American Socie- 
ties for Ex|>orimental Biology, on the Scientific 
Manpower Commission. In addition, the A.I.B.K. 
cooi>erates with the National Science Foundation 
in the distribution and coding of questionnaires 
and the compilation of statistical data for the 
National Register of Scientific and Technical 
Personnel, and assists the Office of Naval Re- 
search in evaluating the scientific merit of research 
proposals in biology, biochemistry, physiology, 
and physiological psychology through select ad- 
visory committees. Special conferences are ar- 
ranged and consultants appointed in various bio 
logical fields of interest to the Office of Naval 
Research. 

Many other projects are undertaken by A l.B S. 
as a service to biologists. A Publications Com- 
mittee is most active in surveying problems that 
exist in abstracting, indexing, research publica- 
tions, evaluating new methods of rapid communi- 
cation and activating programs in these areas A 
new' Committee on Basic Biological Research on 
Ageing has been formed and u Committee on 
Biological Education and Recruitment will be 
functioning by September 1955. 

Ikvin C. Mohlkr 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 

The American Institute of Chemical Engineers 
was founded on June 22, BIOS, in Philadelphia, 
Pennsylvania, by a group of forty eminent chemi- 
cal engineers. Growth of the engineering side of 
the chemical industries was constant but slow for 
the next thirty \ears* ur» the pioneers searched out 
principle*! and formulated their application to the 
field. With the ever increasing demand for the 
manufacture of plastics, fuel, clothing, foods, and 
housing, the profession grew* rapidly. In 1955, the 
Institute hud as members over 15, (XX) chemical 
engineers, most residing in the United States 

As defined b\ the Constitution of the A.I.Ch.E , 
the purpose of the A.l.Ch K., w’hich is the largest 
society in the world devoted exclusively to the 
profession of chemical engineering, is “the ad 
vanceinent of chemical engineering in theory and 
practice and the maintenance of a high profes- 
sional standard among its members.” Chemical 
engineering is “the application of the principles 
of the physical sciences, together with the prin- 
ciples of economics and human telations, to the 
fields that pertain directly to process and process 
equipment in w'hich matter is treated to effect a 
change in state energy content, or composition.” 

Seventy-five per cent of the A.I.Ch.E. income 
is spent on publications and support of basic 
literatim* in the field. 

Two mngazines. Chemical Engineering Program 
and the A.I.Ch.E. Journal, are issued regularly. 
From 1908 to 1935 a single yearly volume was pub- 


lished; in 1935 the publication became a bi- 
monthly, to be superseded in 1947 by the monthly 
Chemical Engineering Progress. 

Chemical Engineering Progress is the official 
publieation of the A.I.Ch.E. As such it carries 
official notices and news of the organization, but 
the main function of the mugazine is to bring to 
the chemical engineer technical articles of major 
importance in the production, management, de- 
velopment , and sales phases of chemical engineer- 
ing. The A.I.Ch.E. Journal was begun as a quar- 
terly iu March, 1955, and is dedicated to the basic 
science of chemical engineering. Both magazines 
have access to the papers presented at the four 
meetings held every year by the chemical engi- 
neers. 

In addition, the Institute also publishes the 
Chemical Engineering Progress Symposium Se- 
ries- an inexpensive series of collections of papers 
on theoretical and experimental developments of 
importance to chemical engineers and the Chem- 
ical Engineering Progress Monograph Series, ex- 
tensive treatises in the chemical engineering field 
covering many diverse subject s. The Institute also 
publishes a directory of chemical engineering 
faculties in the United Sfates and Canada, a 
roster of its members, a guide of engineering films 
for industrial and student use, a compendium of 
chemical engineering problems for students. 

The A I.Ch.E. has many committees working 
in many different fields. One of these is the Chem- 
ical Engineering Accrediting Committee, which 
is the Institute’s authorit\ on the status of 
chemical engineering education. Its inspecting 
groups are accepted and welcomed bv institutions 
thioughout the United State** for examination and 
evaluation of their chemical engineering courses. 

Cooperation with other groups is also an im- 
portant part of Institute activities, and to this 
end the A I.Ch K. in eon junction wit 1 a other asso- 
ciations advises on the issuance of standards, on 
the maintenance of documentary sources, and on 
engineering education, safety, and corrosion prob- 
lems. The Institute is represented on the National 
Research Council and on various engineering co- 
ojierat i vr organizations. 

Annually the Institute makes three major 
awards* -the William II. Walker Award and the 
Junior Award, both given for contributions to 
chemical engineering literature* , and the Profes- 
sional Progress Award in Chemical Engineering, 
sponsored by the Celiinese Corporation of Amer- 
ica, Inc., and administered by the A.I.Ch.E., for 
individuals under forty -five years of age whose 
achievements are of major importance to the pro- 
fession and who thus have made a significant con- 
tribution to the science of chemical engineering. 

Membership in the Institute is of four grades: 
Member, Associate, Affiliate, and Student. Mem- 
bership requirements for full grade, or Member, 
are rigid, requiring at least six years’ experience 
after a first degree in chemical engineering is re- 
ceived and at least three years of responsible 
charge of important chemical engineering work. 
Associates must have both chemical engineering 
education and experience; Affiliates must be in 
work which enables them to cooperate with the 
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profession ; and a Student must be enrolled in n 
curriculum leading to a degree in chemical engi- 
neering. 

A.I.Ch.E. policies are executed by four elected 
officers —president, vice-president, secretary, and 
treasurer- -and the most recent past president. 
Policy is set by a Council of seventeen, including 
twelve directors, four officers, and the past presi- 
dent. Officers are elected for a term of one year; 
members of Council serve overlapping three-year 
terms. 

The Institute has fifty-one local sections in the 
United States, and student chapters are encour- 
aged in schools and universities throughout the 
world. It sponsors a yearly contest open to under 
graduate chemical engineering students. 

The address of the A.I.Ch.E. is 25 West 15 
Street. New York 30, New York. 

F. ,1. Van Vvtwkrpkn 


AMERICAN INSTITUTE OF CHEMISTS 

Founded in 19211 by a small group of far-seeing 
chemists and chemical engineers who dedicated 
themselves to doing oiucthing about professional 
matters They looked to the development of the 
then young chemical indust r\ in the United States 
which needs the full, unhampered creativeness of 
chemists and chemical engineers. As professional 
consciousness increases among scientists, their 
power to create and to accomplish is increased; a 
favorable environment for creative minds is pro- 
vided. The AlC is therefore concerned with chem- 
ists and chemical engineers us professional people, 
not with the science of chemistry as such, because 
a science cannot advance save through the* superi- 
ority of those in it. Special stress is placed on the 
scientific integrity of the individual and a (’ode of 
Ethics is adhered to by AK 1 members. 

(Qualifications for membership require adequate 
education and professional experience. Fellows 
must have a degree in chemistry or chemical 
engineering from an accredited school* plus at 
least ten years of progressive experience; Members 
must have the degree and a minimum of four years 
of experience; Associates have the degree but 
need not have experience 

The objectives of the AK’ aie (I) to provide 
and enforce the code of principles of professional 
conduct which merits public esteem and justifies 
•confidence in the integrity of the chemist or chcmi 
cal engineer; (2) toestabiish and maintain a stand- 
ard of proficiency of such excellence as to insure 
competent and efficient service; (3) to secure an 
adequate basic training for the professions and to 
u''mit to fellowship in the Institute only those of 
proved education, experience, competence and 
character; (4) to enhance the prestige and distinc- 
tion of the professions am 1 to extend their 
influence and usefulness; (5) to establish and 
maintain a register of membership in which 
there shall be a complete record of the training, 
experience and fitness for service of each mem- 
ber; (6) to improve the economic status of the 
profession by cooperating with employers to 
secure a satisfactory appreciation and evaluation 
of the services of the chemist and chemical engi- 


neer; (7) to provide means for appropriate recog- 
nition of distinguished service rendered by indi- 
vidual members of the professions; (8) to 
cooperate with all agencies serving chemistry to 
make the professions of chemistry and chemical 
engineering powerful factors in the advancement 
of intellectual and material progress in the United 
States; (9) to support the work of the chemical f 
and chemical engineering societies in the educa- 
tion of the public to a better appreciation of the 
contribution of the chemist and chemical engineer 
to world progress; (10) to render such other ser- 
vices to the profession us developments shall 
warrant and of which The American Institute of 
Chemists shall approve. 

The AIC functions through a Board of Di- 
rectors, made up of the four officers, nine coun- 
eilors-al -large, and the immediate past president; 
and through a Council consisting of the four 
officers, nine councilors-at -large, the two imme- 
diate past p. evident s, and a representative from 
each of its twelve chapters. Certain committees 
are specified in its constitution to handle pro- 
fessional matters, such as employer employee 
relations, national legislation affect ing chemists, 
professional education, patents, employment con- 
tracts, and ethics. Other committees are appointed 
by the Council. The chapters of the AIC are 
Alabama, Baltimore, Chicago. Louisiana, New 
England, New Jersey, New York, Niagara. Ohio, 
Pennsylvania, Washington, D. (’., and Western. 

The AI(’ publishes The Chemist, a monthly 
journal containing articles on professional sub- 
jects, career information, news, employment 
needs, new chemical literature announcements, 
and other departments. Many of the articles in 
T he Chemis * .u< distilled directly from the obser- 
vations and ex'.* ricnces of the authors, and are a 
significant coin • ibut ion to the literature of the 
professions. Reports of committees are also pub- 
lished in The Chemist and are often reprinted. A 
directory of tin* membership is published every 
three or four years. 

The AI(’ awards a gold medal annually for note- 
worthy and outstanding service to the science of 
chemist ry or the profession of the chemist or chem- 
ical engineer in America. Recent medal recipients 
are Raymond Stevens (1956); l)r. Curl S. Marvel 
(1955); Dr. William J. Sparks (1954); Dr. J. C. 
Warner (1953); Fred J. Emmerich (1952); Dr. 
Harry N Holmes (1‘) .1 ); Walter ,J. Murphy (1950); 
*)r. Warren K Lewis (1919); Dr. Charles A. 
Thomas (1918); Dr. M. L. (’rossley (1917). 

The present (1956) officers of the Institute are: 
Dr. Ray P. Dinsmore, president; John 11. Xair, 
president -elect ; Dr. Lloyd Van Doren, secretary; 
Dr. Frederick A. Hesael, treasurer, and Dr. 
Donald B. Keyes, chairman of the Board of Direc- 
tors. The membership is about 3000. The organiza- 
tion's headquarters are at 60 East 42tid St., New 
York 17, N. Y. 

Veka F. Kimball 

AMERICAN INSTITUTE OF LAUNDERING 

Now located in Joliet, Illinois, the American 
Institute of Laundering dates hack to October. 
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1883, when the Laundryowners National AHsocia- 
tion was formed in Chicago by some 50 laundry- 
owners from 17 states. The purposes of the Ameri- 
can Institute of Laundering are threefold: 0) To 
coordinate all scientific endeavor in connection 
with the laundry industry and to disseminate by 
various media, scientific data and other pertinent 
information to the members of both the American 
Institute of Laundering and to professional and 
local laundry association secretaries. (2) To train 
students in the scientific application of launder- 
ing. (3) To maintain a model commercial laundry 
equipped with the most modern machinery and 
operated as profitably as possible, employing the 
latest improvements for quality and production. 

In its efforts to provide laimdrvincii with the 
technical know-how and help so necessary to keep 
pace with today’s changing trends, a variety of 
services are offered by the Institute. The A.I.L \s 
model laundry is operated as u practical industry 
proving ground, and from years of study have 
come a wealth of information. While production 
problems have a wav of popping up unexpectedly 
and urgently need practical help. Institute staff- 
men have found that the great majority of prob- 
lems prevalent throughout the industry have been 
experienced at one time or another in their own 
model laundry. As a result, past experience 
enables the A.I.L. staff to be of considerable help 

solving the individual laundryman’s problems. 

The American Institute of Laundering offers a 
variety of services to its members. Two of the 
most popular are the test piece service for con- 
trolled washrooms and the fabric analysis service. 
Through the use of the test piece, a laundry- 
owner can be positive that his supplies and wash- 
ing formula are the best for his conditions. It 
assures him that his washing procedure is one 
that will host prolong the life of his customers’ 
clothes and w\*i*di them thoroughly dean, while 
still maintaining their tensile strength and white- 
ness. 

The A.I.L. Fabric Analysis reports have been 
universally accepted as valid by courts, insurance 
companies, textile manufacturers, retailers, laun 
dries and their customers. There is no limit to the 
number of pieces any laundry may send in in the 
course of a year, and for the past several years, the 
number of pieces has reached about 5,000. 

One of the most popular divisions of the A.I.L. 
is its school of laundry management. Actually it 
is a university of laundering, and it is the indus 
try's only school adequate to fill the increasing 
need for trained management personnel, Uoncen- 
trating on the practical laundry management 
approach, courses are otfered in production engi- 
neering and management, and in sales and finan- 
cial management. 

Lkb (1. Johnston 


AMERICAN INSTITUTE OF MINING, METALLURGICAL, AND 
PETROLEUM ENGINEERS 

The first meeting of the American Institute of 
Mining and Metallurgical Engineers was held in 
Wilkes-Barre, Pennsylvania in 1871 As orginally 


organized, “Metallurgical” and “Petroleum” were 
not a part of the name, although from the very 
beginning metallurgists were emphasized in the 
society's plans. The official abbreviation is A1ME. 

The objectives of the society as expressed in its 
constitution are: “To promote the arts and 
sciences connected with the economic production 
of the useful minerals and metals, and the wel- 
fare of those employed in these industries by all 
lawful means.” The first period in the history of 
the Institute lasted fort y years. It w r as marked by 
a uniform growth in membership of about 100 
members per year. During this period one man. 
Dr. Hossiter W. Raymond, stood out as u domi- 
nant, wise and beneficent leader, lie planned meet- 
ings of varied interests and was responsible for 
building a high standard of scientific, technologic 
and editorial excellence in the Institute's 7 >/ihk- 
tutionn. 

During the first decade of this century tin* 
AIME, together with societies representing 
mechanical, electrical and civil engineers, ac 
eepted a gift of just over a million dollars from 
Andrew Garnegic. This money, together with 
funds of their own, permitted them to build a Hi 
story Engineering Societies building at 29 W 3!)tli 
Street in New York Git\ for their various head 
quarters offiees. Included is an outstanding engi 
ncering library open to the* public. With mcmhcis 
in every state and in most foreign countries local 
sections have been organized in the last lort.\ two 
years more effect! veh to earn out the put pose <>l 
the Institute Si\t\ seven local sections had been 
organized by Februaiv 19, 1956, of which four ate 
outside the United States. 

The American Brass Founders Society, organ 
ized in l‘.K)7, and subsequently changing its name 
to the American Institute of Metals, joined with 
the A IMF in 1918 to become the Institute’s fit *-t 
Division. It was at this time that “Metallurgical” 
became part of the full name of the Institute 
Originally the Institute of Metals Division con 
cerned itself with nonferrous physical meta))urg\ 
In 19-18 its held was broadened to include all pli\ s| 
cal metallurgy. The Iron and Steel Division, 
formed in 1928, now confines itself to iron and 
steel production, including the working nl steel, 
but. not other physieul metallurgy. The Petroleum 
Division became the second Division of the Irish 
tute in 1922. It concerns itself with production 
but not refining. Since these three Divisions weie 
formed seven others have been added: Coal. 
Mineral Industry- Education* Industrial Minerals 
(nonme tallies), Minerals Heneficiation, Extrac- 
tive Metallurgy (nonferrous)> Mineral Economics 
and finally Mining, Geology and Geophysics the* 
largest of the ten. “Petroleum” was added to the 
name in 1956. 

Eight of the Divisions have been gmiqied into 
three Branches. The Petroleum Division const i 
t utes one Branch, w ith its own office at 800 Fidelity 
Union Building in Dallas, Texas. 'I he Mineral 
Economics and Mincrul Industry Education 
Divisions are Institute-wide with representation 
in all three Branches. The institute of Metals, 
Iron and Steel and Extractive Metallurgy Divi- 
sions constitute the Metals Branch and the other 
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four Divisions the Mining lira rich. Approximated 
half of the membership is in the Mining Branch 
and one fourth in each of the other two. 

Prior to 1910 one monthly Journal, Mining and 
Metallurgy, was sent to all A IMF members. 
Separate publications containing technical papers 
were sent to appropriate groups in the Institute 
us follows: Mining 'technology, hi monthly; 
Petroleum Technology, hi monthly; Metals Tech- 
nology, semi-quart erlv; and Pool Technology , 
quarterly. Since 1949 each Branch has had its own 
monthly publication. Mining Engineering, Journal 
of Metals and Journal of Petroleum Ttehnology. The 
other periodicals have been discontinued and the 
technical papers form the Transactions Section of 
the respective monthly Branch journals. The 
Branch setup with three journals was developed 
because there is little community of technical 
interest between members of the respective three 
Branches At the end of the \ear overruns of the 
Transactions Section of each journal are bound 
as the A1MM Transactions volume for that 
Branch. They thus provide an indexed, permanent 
record of the papers most likely to be referred to in 
future \ears. 

Most of the papers in the Transactions Section 
of the journals are presented by the authors at 
Annual Meetings of the Institute in February. In 
even years about 3500 members of all Divisions 
attend such meetings in New York City, in odd 
years the meetings arc held in various midwestern 
or farwestern eities. Most of the Divisions also 
hold one or more other national or regional meet 
ings during the year The Iron and Steel Division 
has four technical committees: Open Hearth Steel, 
Electric Furnace Steel, Bessemer Steel, and Blast 
Furnace, Coke Oven and Raw Materials which 
hold national meetings. Except for the Bessemer 
Committee, these are three day meetings resulting 
in printed and bound Proceedings distributed to 
the 300 to 1200 attending each meeting and for sale 
to others. 

Besides the local section meetings mentioned 
before, 72 student chapters have been formed to 
serve the mineral industry students and acquaint 
them with the functioning of professional societies 
upon which they w ill become dependent for most 
of their technical information after their college 
educations. Such information will come to them 
through the various publications mentioned above 
and technical books published by the Institute, 
through oral presentation of papers at various 
meetings and personally from friends in similar 
positions to theirs w'hom they meet at Institute 
meetings. 

The Institute 1ms many awards which are made 
each year. Several are made to recognize outstand- 
ing achievement in various fields embraced by the 
Institute. Another group of t words given each 
year are presented for the best technical papers 
published by the Institute in various fields, some 
to young men exclusively. The Woman's Auxil- 
iary of the AIME maintains a scholarship and 
loan fund to help needy students in the mineral 
industry field. 

On December 31, 1955 there were 14,918 Meni- 
I>ors, 2,612 Associate Members, 6,127 Junior Mem- 


bers and 2,825 Student Associates. A Member must 
be 27 years of age and have six years experience in 
the engineering profession of which three years 
must have been in responsible work. Engineering 
is broadly defined to include applied chemistry 
and other sciences. Associate Memliers need only 
have an interest in the engineering profession. 
Junior Members must be under 30 years of age 
when elected and qualified to hold a subordinate 
engineering position. Student Associates must be 
full time undergraduate or graduate students in 
approved schools. 

E (). Kirkendam. 


AMERICAN INSTITUTE OF PHYSICS 

The American Institute of Physics is a federa- 
tion of five national scientific societies in the field 
of physics. These are the American Physical 
Society, de\ »ted to the advancement of all 
branches of fundamental and applied physics; the 
Optical Society of America, devoted to the science 
of optics; the Acoustical Society of America, de- 
voted to the science of acoustics; the Society of 
Rheology, devoted to the science of deformation 
and flow of matter; and the American Association 
of Physics Teachers, devoted to the pedagogical 
and cultural aspects id physics. The Institute 
was founded in 1931. 

The Member Societies vary in size from 400 to 
12,000 members They hold frequent scientific 
meetings for the presentation of technical papers 
and informal exchanges of information. They pub- 
lish, through the American Institute of Physics, 
The Physical Review , the Reviews of Modern Physics , 
the Journal of ’he Optical Society of America , The 
Journal of the Acoustical Society of America , Noise 
Control , American Journal of Physics , The Review 
of Scientific Instruments, The Journal of Chemical 
Physics (of considerable interest to many chem- 
ists), the Journal of 1 pphed Physics, Physics To- 
day and Sonet Phys cs JETP. 

Each of the Societies is autonomous, and is gov- 
erned by an executive council and the usual 
officers. The Societies and their members elect the 
(loverning Board of the American Institute of 
Physics. 

The liihtitute publishes the journals and meet- 
ing programs, assists in secretarial, financial and 
legal matters; oper-.tes a placement service; 

•presents physics in cooperation with other 
associations and in various national councils; 
assists the Federal (lovernment with information, 
advice and the administration of specific projects 
on contract; and has general concern with public 
relations, the integrity of the field of physics and 
the development of needed income, etc. Many 
chemists are included in the membership of these 
group.- and many technical papers at meetings 
have a close bearing on chemistry as well as phys- 
ics. Nearly every issue of the journals oontains 
articles of value to ehemists. 36 per cent of all 
physicists are employed in industry And of these 
from 15 to 20 per cent are employed in industries 
primarily chemical in nature. 

In addition to the Member Societies, there are a 
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number of Affiliated Societies, including the 
Electron Microscope Society of America, the 
American Crystallographic Society and a number 
of local associations. 

Henry A. Barton 


AMERICAN IRON AND STEEL INSTITUTE 

The American Iron and Steel Institute is a non- 
profit New York membership corporation, organ- 
ized in 1908 to succeed the American Iron and 
Steel Association, which traces back to 1855. As 
of January 1954, the Institute had 9.8 company 
members and 2500 individual members. Ninety of 
the company members were in the I'nited States, 
four in Canada and one each in Argentina, Brazil 
and Chile. Membership has always been restricted 
to Western Hemisphere nationals. The tH) com- 
pany members locuted in the I'nited States in- 
cluded four companies engaged primarily in the 
production of pig iron. The other SO companies 
operate 292 plants in 195 communities and have 
the capacity to produce almost 95 per cent of the 
country’s steel. 

Management of the udairs of the Institute is in 
the hands of the Board of Directors, each mem- 
ber of which has one vote on any matter which 
comes before it for action. The Board membership 
now includes 30 executives from 30 different com- 
panies, which in the aggregate comprise the major 
part of the industry The officers of the Institute 
are elected by the Bourd of Directors, and are 
directly responsible to the Board of Directors. 
Directors of the Institute are elected by the active 
and company members, although vacancies on the 
Board may be filled by a majority vote of the re- 
maining Directors. Candidates for election to 
the Board arc selected by a Nominating Com- 
mittee, which itself is elected by the active and 
company members. 

Among the major activities of the Institute are 
various types of technical and engineering work, 
the compilation and dissemination of industry- 
wide statistics, the distribution of information 
about the industry to the public, and discussion of 
problems in the field of industrial relations in- 
cluding health and safety. The principal purposes 
of the Institute, as outlined in its constitution 
are: (1) to promote the interests of the iron and 
steel industry or any part or branch thereof, ( 2 ) 
to collect statistics and other information con- 
cerning the industry, (3) to engage in investiga- 
tion and research, (4) to provide a forum for the 
exchange of information and discussion of prob- 
lems relating to the industry, and (5) to promote 
the use of iron and steel. 

The major activities of the Institute are carried 
on by some 55 committees having over 050 mem- 
bers. The membership of the committees is drawn 
from the staffs of the company meml>ers, each 
individual member being expert in the field of the 
committee's major interest. A staff member of the 
Institute is assigned to each committee; four staff 
members are registered professional enginers in 
one or more states. Many others have specialized 
technical training. 


Of primury interest, in the fields of steel tech- 
nology and metallurgy are the committees in the 
division of Operations. Technology and Research. 
Headed by the Committee on Manufacturing 
Problems the division embraces committees which 
study primary processes (blast furnaces, coke 
ovens, electric and open hearth furnaces, und re- 
fractories) ; those which, under the direction of the 
(ienerul Technical Committee, study finished steel 
products (carbon anti alloy steel bars, electrical 
steels, sheet steel, stainless Steels, tool steels, rail- 
road and structural steels, etc.); and, a Committee 
on (tenoral Research which supervises the research 
program of the Institute. 

Space will not permit a complete statement of 
the chemical and metallurgical studies and re- 
searches pursued under the auspices of various 
Institute committees. The following wdll typify 
much of the work. 

The control and possible utilization of indus- 
trial wastes is understudy at Mellon Institute and 
Kettering Institute of Applied Physiology, par- 
ticular^ the reactivation or recycling of waste 
pickle liquors, and the elimination of phenol. The 
problems peculiar to the steel industry embraced 
by the general field of air pollution abatement are 
being studied at the Air Hygiene Foundation of 
America, Inc. at Mellon Institute and the Harvard 
School of Public Health. Extensive studies have 
been made of the types of sinter, their chemical 
and petrographic constitution and the best 
methods of evaluating their performance in the 
blast furnace. Those studies were conducted at 
Mellon Institute. 

In the field of the physical chemistry of steel- 
making studies on slags are being pursued at 
Massachusetts Institute of Technology and Car- 
negie Institute of Technology. The mechanical, 
physical and chemical properties of carbon as a 
blast furnace lining have been studied at Armour 
Research Foundation. Studies have been con- 
ducted at the Pennsylvania State University and 
Massachusetts Institute of Technology on refrac- 
tory phase diagrams. Work on the recovery of 
manganese from open hearth slags and low man- 
ganese content ores has been pursued at tho 
Bureau of Mines Kx|>eriment Station at College 
Park, Maryland, ami at Pittsburgh. A chemical 
method has been under study at. the Armour Re- 
search Foundation. 

At Bat telle Memorial Institute studies are con- 
tinuing toward the production of iron of the high- 
est possible purity in substantial quantities, in 
order to assist research workers in developing 
information concerning both pure iron and alloys 
of exceptional purity, especially at extremes of 
temperature. Some work has also been done at the 
University of Pennsylvania. The Institute has 
cooperated with the Alloys of Iron Research Com- 
mittee of the Engineering Foundation in an en- 
deavor to place before the public books concerning 
the effects of the various alloying elements of 
steel, and has pursued research on zirconium as 
a substitute for manganese at Southern Research 
Institute. 

Work has been done at the Case Institute of 
Technology on the zinc-iron couple, particularly 
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an applied to galvanized pipe. Field texts on chemi- 
cal treatment for corroxion control of steel pipe 
are in process, and in one project, information on 
services with Hilicate treatment was compiled for 
a period of more than ten years. Work has been 
pursued at Armour Research Foundation which 
lias resulted in the development of a substitute 
for palm oil in the hot -dip tinning process, and as 
a lubricant in the cold-rolling of steel. The Insti- 
tute also cooperates with the National Bureau of 
Standards in its standard chemical samples pro- 
gram. 

The research projects sponsored by the Institute 
are those which cannot be regarded as competi- 
tive; rather the subjects are those that might be 
utilized on a common basis throughout the iron 
ami steel indust ry or a large part of it . 

CnwtLEs M. Parker 


AMERICAN METEOROLOGICAL SOCIETY 

The American Meterological Society was organ 
ized in affiliation with the Ameiican Association 
for the Advancement of Science at St Louis, Mo , 
on December 20, ltllt), and incorporated at Wash 
ington, I) C. on .lauuarv 21, 1020. with the object 
of “the development and dissemination of knowl 
edge of meteorologx in all it- phases and the 
advancement of its professional ideals. “ In addi 
tion to its afhliation with the A.A A.S., the 
Society is affiliated with the National Research 
Council of the National Acadeim ot Sciences, and 
is represented both on its Division of Physical 
Sciences and on the Division of Earth Sciences 

Increasing interest in ineteorologx is evidenced 
by a sternly increase in membership over the* 
years, the numbers having grown from 22fX) in 
1010 to over 5700 at present There are various 
types of membership in the Society Corporation 
membership is open to organizations interested m 
the advancement of meteoiologx, and mcmbcis in 
this cntcogry include private weather consulting 
firms, airlines, utilities, business, industrial and 
research organizations, and university depart 
meuts of meteorology. An individual who possesses 
special qualifications in meteorology may become 
a Professional Member, the status appropriate to 
those who an 1 actively engaged in meteorology as 
a profession. Persons whose interests or activities 
in meteorology or climatology w’ould make them 
desirable members of the Society may apply foi 
Member status. This affiliation also fills the needs 
of those who are not yet qualified for Professional 
Membership, and of persons no longer actively 
° n Raged in professional work who desire to retain 
some contact with the field. Student Membership 
is open only to those graduate or undergraduate 
students in residence at lead half-time who are 
specializing in meteorology or climatology. Fi- 
nally, Associate Membership affords anyone who 
has an interest in the weather the opportunity to 
become affiliated with the national society. 

The Bulletin of the American Meteorological 
Society is its official publication. To cater to the 
specialist in meteorology, the Journal of Meteor- 
ology which has won international recognition for 


its contributions to scientific thought, publishes 
the results of original research in meteorology and 
allied fields. Weatherwise serves the interest of 
uinateur weathermen. Meteorological Mono- 
graphs is u scries of original contributions of 
greater length and scope than thoes contained in 
the Journal. Some of them relate dosel> to chem- 
ist ty. 

The Society has undertaken the preparation of 
two publications sponsored by the Air Force 
Cambridge Research (’enter. Started in 1950 and 
published monthly, “Meteorological Abstracts anti 
Bibliography ” constitute a unique collection of 
English translations of abstracted publications m 
every language and include special annotated 
bibliographies on a wide range of subjects, in- 
cluding some related to chemistry. The “Compen- 
dium of Meteorology” contains more than 100 
articles by leading meteorologists on the present 
state of knowledge in the field and possible future 
trends. A ..ew r meteorological glossary is in prep- 
aration, under contract with the Tinted States 
Weather Bureau, Department of Defense. The 
Society is also publishing an impressive volume on 
Dynamic Meteorology and Weather Forecasting 
in conjunction with the Carnegie Institution of 
Washington. 

In addition to the national organization, there 
are local branches of the Society in many cities 
and aieas throughout the w'orld. At least six 
national meetings are held every year, often in- 
cluding joint sessions writh other scientific so- 
cieties Awards granted by the Society include 
the Meixinger .Ward, designed to stimulate young 
men to engage in originul researches in atmos- 
pheric circulation and processes, industrial 
weather jr’^rd, and special awards to organiza- 
tions and individuals who have done outstanding 
work in meteorology. 

The President of the Society is Dr. Robert D. 
Fletcher, Director of Scientific Services, Air 
Weather Service, and the Secretary is Professor 
Henry (1. Houghton, Chairman, Department of 
Meteorology, Massachusetts institute of Tech- 
nology. The Executive Secretary’s office is located 
at 3 Joy St., Boston, Mass. 

Kenneth C. Spengler 


AMERICAN PETROLEUM INSTITUTE 

The American Petroleum Institute, incorpo- 
rated in 1919 under the laws of the District ot 
Columbia, is an association of some 10,000 oil men; 
It is their forum, information bureau, technical 
clearing house, and national trade association. 
The objects of the Institute, as stated in its char- 
ter, are: (1) to afford a means of cooperation with 
the government in all mattets of national concern; 
(2) to foster foreign and domestic trade in Ameri- 
can petroleum products; (3) to promote, in 
general, the interests of the petroleum industry 
in all its branches; (-1) to promote the mutual im- 
provement of its members and the study of the 
arts and sciences connected with the petroleum 
industry. 

The major part of the Institute’s work is con- 
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ducted through its hundreds of working com- 
mittees and subcommittees, whose membership 
totals several thousands. In general, the Institute 
assigns to a working or functional committee no 
activity unless it previously has been proposed and 
urged by a group of oil men who are interested in 
the problem of the subject matter, aud unless sub- 
stantial sentiment for the activity has developed 
within the industry. If, for instance, a project is 
approved by the Board of Directors or its Execu- 
tive Committee, a committee of experts from the 
oil indust rv is set up. Once committees and sub- 
committees have been set up, they remain in 
existence until there is no longer any need for 
them and they have been discharged. However, 
the members of committees must annually be 
elected or appointed so as to avoid continuance of 
inactive groups. 

The activities of the Institute include the fields 
of standardization, design, care, and correct prac- 
tice in the use of equipment; engineering and 
technology; fundamental research; safety and 
fire protection; industrial health; product label 
ing; waste disposal; testing methods and specifi 
cations; measuring, sampling, and testing; no 
menclature; metallurgy; corrosion prevention; 
pipeline, highway, waterway, and railroad trails 
portation; radio facilities; fuels and lubricants; 
agriculture; highways; aviation; vocational and 
personnel training; education and public relations; 
tinance and accounting; statistics; petroleum 
reserves; taxation, legislation, and regulation. 

D. V. Stroop 


AMERICAN POTASH INSTITUTE 

The American Potash Institute is a non-profit 
educational and research organization incorpor 
ated under the laws of Delaware, with head- 
quarters in Washington, I). ('. It began operations 
in 1935 and is maintained by five of the leading 
potash producers in the United States, the Ameri- 
can Potash and Chemical Corporation, Duval 
Sulphur and Potash Company, Potash Company 
of America, Southwest Potash Corporation, and 
the United States Potash Company. It concerns 
itself writh problems dealing in a broad way with 
finding w'here and how potash can be profitably 
used in agriculture in the United States, Canada, 
Cuba and Puerto Rico and Hawaii. 

A staff of 16 trained agronomists works with 
federal, state, provincial and local agricultural 
research, teaching and extension officials to 
achieve its purposes. To obtain basic information, 
some 25 research fellowships and grants are main- 
tained on a rotational basis among the state and 
provincial agricultural colleges and experiment 
stations. 

An agronomic magazine, Better Crop * with Plant 
Food , is issued ten times a year. It is edited pri- 
marily for the agricultural advisory and teaching 
groups and contains articles on the results of in- 
vestigations on the sound use of plant nutrients 
in crop production and soil management, written 
for the most part by the authority who did the 
work. t 


A library is maintained which contains over 
200,000 books, bulletins, theses and periodicals 
devoted mostly to soil fertility and crop produc- 
tion. Literature lists and annotated bibliographies 
are issued for use by research workers. 

Deliveries of potash salts by all the leading pro 
dueers and importers of potash in the United 
States and Canada are compiled and released to 
the public quarterly. Prices and indices of crops 
and of fertilizer materials also are compiled and 
published. 

Branch offices an* maintained in Atlanta, (Geor- 
gia; Lafayette, Indiana; San Jose, California; 
and Burlington, Ontario 

J. D. ItOMAINE 


AMERICAN SOCIETY OF AGRONOMY 

The American Society of Agronomy was founded 
on December 31, 1907, when a group of professional 
workers in the field of farm crops and soil improve- 
ment met at the Department of Botan\ of the 
University of Chicago. Their plan was to organize 
a professional society for the mutual exchange of 
ideas in their special field of agricultural research. 
The meeting followed a call circulated in the fall 
of ltM)7 signed by 13 person^ interested in agro- 
nomic investigations. 

The society they founded has grown to include 
more than 2,600 professional workers in agronomy 
and soil science, the leading research society of its 
kind in the world. Although by far the largest 
number of members are located in the United 
States, more than fifty foreign countries are now r 
represented on the membership roster 

Objectives of the Society are “to increase and 
disseminate information concerning crops and 
soils and the conditions affecting them in order to 
contribute to the general human welfare ” The 
Society seeks to achieve these objectives by the 
following meuns: (1) promoting basic and applied 
research ir farm crops and soils; (2) fostering high 
standards in crops and soils education and re- 
search training; (3) encouraging professional 
improvement of its active and associate members; 
(4) making available, both to the public and to 
w f orkers in related fields, current information on 
crop and soil science; (5) cooperating with other 
organizations in the consideration and solution 
of agricultural problems dealing with farm crops 
and soils. 

Membership in the American Society of Agron- 
omy is open to all individuals and organizations 
interested in the objectives gnd program of the 
Society. Professional agronomists arc usually 
active members of the Society. Commercial men, 
extension workers, and farm leaders may affiliate 
either as active members or associate members. 
Corporations and associations with a special 
interest in agronomic research may enroll as sus- 
taining members of the Society. 

The seven Soil Science Divisions of the Ameri- 
can Society of Agronomy have been organized as 
the Soil Science Society of America since 1936 
Meetings of the Soil Science Society of America 
are held jointly with those of the American Society 
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of Agronomy each year. Mo labors of (ho Soil 
Science Society of America are automatically 
members of ASA also. The six Crop Science Divi- 
sions were formed into the Crop Science Society 
of America under new by-laws adopted in No 
vember 1951. The CSSA has the usual officers and 
parallels the SSSA in organization and in its rela 
tionship to the American Society of Agronomy. 

The American Society of Agronomy holds an 
annual four-day meeting, which attracts upwards 
of 1,200 members and guests. This meeting is ro- 
tated around the country, though it is usually 
held in a centrally located city. Outstanding re- 
search leaders ami scientists speak before the 
general sessions of each annual meeting, and more 
than forty divisional meetings are held in cornier 
tinn with the specialized fields of farm crops and 
soil science \t least four regional meetings and 
one or more special conferences are held annual 1 v 

The official organ of the American Society of 
Vgronomy is Agronomy Journal, a monthly tech- 
nical journal devoted to current research reports, 
including papers presented at the Society's annual 
meeting Articles devoted to t (‘aching and exten- 
sion methods f.. , 1^1 win »niy are also published. It 
has about 3 .(MX) subscribers in the I'nitcd States 
ami seventy-live other countries. The oflicial 
publication of the SSSA is known as tin* Sail 
Sn run Sot it hi of America Procoedinqs This is a 
quarterly journal devoted to the latest findings 
in the field of fundamental and applied soil science. 
CSSA does not have a separate publication, its 
members using Aqiononiy Journal as their main 
outlet for crop science pa pels 

The Society also publishes What's A Vie in (' rops 
and Soils , a nontechnical journal appearing nine 
times a year, which presents the latest advances 
in crop and soil improvement in popular form fur 
farm leaders and leading farmers. This publication 
has a large distribution among the seed, feitilizer, 
and agricultural chemical industries. 

Most of the chemical research conducted bv 
members of the American Society of Agronomy is 
reported in the Divisions of Soil Chemistry, Soil 
Microbiology, Soil Fertility, Soil Classification, 
Crop Physiology and Ecology, and Weed Control 
Chemists working with fertilizer materials, soil 
conditioners, soil amendments, seed protectants, 
herbicides and similar chemicals will be particu- 
larly interested in the publications and activities 
•of the Amorican Society of Agronomy and its 
several divisions. 

L. G. Montiiey 


AMERICAN SOCIETY FOR TESTING MATERIALS 

The American Society for Testing Materials was 
organized in 1808 as the American Section of the 
International Association for Testing Materials 
and chartered in 1902 under its present name. It is 
a nonprofit, technical organization “for the pro- 
motion of knowledge of the materials of engineer- 
ing, and the standardization of specifications and 
methods of testing.” Membership of over 8000 
is comprised of corporations and individuals 
drawn from industry, government and the sciences 


and classified into three groups: consumers, pro- 
ducers, and general interest. Its purposes are 
achieved through activities of some 75 main tech- 
nical committees and several hundred subcom- 
mittees which are responsible for research and 
the development of standard specifications und 
methods of test for materials. Some committees 
have been active for more than 50 years, many in 
fields related to or importantly concerned with 
chemistry. Important work has been done in 
the chemistry of metals, cement, paint, petroleum, 
synthetics, plastics, cellulose, and others. Within 
the past five years, committees have been organ- 
ized on radioactive isotopes, absorption spec- 
troscopy and mass spectrometry. 

Almost all the ASTM technical committees have 
an interest iu chemistry of one sort or another and 
many of them have subcommittees on chemistry, 
or chemical analysis. Committee E-l on Methods 
of Testing has a subcommittee on Correlation of 
Chemical Analysis. Several main technical com- 
mittees are assigned fields of activity relating 
directly to chemistry. Committee K-2 on Emission 
Spectroscopy was organized in 1932 for the formu- 
lation of methods of spectroscopic analysis by 
emission techniques, including methods of sam- 
pling Important recent [midications prepared by 
this committee are “Symposium on Chemical 
Analysis of Inorganic Solids by Means of the Mass 
Spectrometer”, “Symposium on Fluorescent 
X-Ray Speetrogrnphie Analysis”, and “Proce- 
dures for Emission Spectrochcmical Analysis”. 
The last is a volume of 300 pages containing some 
50 suggested methods for emission spcctrochcnii- 
cal analysis covering a wide range of materi- 
als and techniques. 

Commit te*, li 3 on Chemical Analysis of Metals 
was organized in 1935 for the formulation of 
standard methods of chemieal analysis of metals, 
including methods of sampling and tolerances in 
values obtained in chemical anatysis of metals. 
“ASTM Methods for Chemical Analysis of Met- 
als” (1950) is a 476-page volume containing some 
10 ASTM Standards and Tentatives for recom- 
mended practices, sampling methods and methods 
for chemical analysis of inetals. Primarily the 
wo»k of Committee E-3 it also includes a few 
methods developed by Committee 10-2 when 
appropriate A revised edition is scheduled for 
publication in 1957. 

Committee E-I3 on Absorption Spectroscopy 
a as organized in 1950 for the coordination and 
formulation of methods of spectroscopic analysis 
by absorption, fluorescence, and scattering tech- 
niques. This committee has assumed the responsi- 
bility connected with the development and main- 
tenanco of the punched IBM card system 
developed by Dr. L. E. Kuenzel of Wyandotte 
Chemicals Corporation for indexing spectral 
absorption data. Cards indexing both infrared 
and ultraviolet spectra are available and are dis- 
tributed by the American Society for Testing 
Materials. 

Committee E-14 on Mass Spectrometry was 
organized in 1952 for the promotion of knowledge 
and advancement of the art of mass spectrometry 
by: (a) coordinating scientific applications and 
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methods of analysis based on mass spectrometry, 
(b) sponsoring meetings at which scientific papers 
relative to mass spectrometry may be presented 
and discussed, (c) standardizing nomenclature 
relating to mass spectrometry, arid (d) initiating, 
sponsoring, and reporting work in the field of 
mass spectrometry, without prejudice to the 
jurisdiction of other technical committees over 
their respective materials. It is the objective of 
the committee to encourage participation on the 
widest possible basis of individuals interested in 
mass spectrometry in order to coordinate and pro 
mote the exchange of information in the field. 
Emphasis is placed on presentation at national 
meetings of papers on all phases of rail'* spec- 
trometry with subsequent publication in the most 
appropriate medium. 

A Joint Committee on the Chemical Analysis of 
Powder Diffraction Methods under the joint uus- 
pices of the American Crystallographic Associa- 
tion, the American Society for Testing Materials, 
the British Institute of Physics, and the National 
Association of Corrosion Engineers sponsors the 
development and publication of an X-ray diffrac- 
tion card file containing data for the identification 
of materials hy the Ilanawalt X-Ray Diffraction 
Method. Curds an* available front ASTM either 
plain (3" \ 5*) or key sort cards (4* x6") or on 
standard IBM punched cards. 

Tne above activities of selected ASTM com- 
mittees are indicative of the work of the Society 
in the field of chemistry. As mentioned previously 
almost all committees have some interest in 
chemistry as it applies to their w'ork and carry 
on research activities in their respective fields. 

The Society's research activities arc carried on 
through laboratories of industry, cblleges, and 
government. The Society's work is implemented 
by national, district, and committee} meetings 
and by the publication of a seven-part ll,0U0-page 
Book of Standards trienniallv, with supplements 
in intervening years; the ASTM Bulletin ; special 
technical publications; and special compilations 
of ASTM Standards. Further information may be 
obtained from the Society’s Headquarters, 1916 
Race St., Philadelphia 3, Pa. 

F. F. Van Atta 


AMES LABORATORY 

The Ames Laboratory of the Atomic Energy 
Commission is one of the major Atomic Energy 
Commission research installations. It is located 
on the Iowa State College campus on land leased 
by the Government from the College. It is oper- 
ated by the Iowa State College, as prime contrac- 
tor, through the Institute for Atomic Research. 
The Laboratory specializes in basic and pioneering 
research in the fields of science underlying the 
practical application of atomic energy, both for 
peacetime and military uses. The Laboratory has 
been particularly successful in being able to pro- 
duce rare metals, alloys and chemicals which are 
not available commercially but which the Atomic 
Energy Commission needs. 

The Laboratory employs about 600 people, a 


large number of these being part-time employees. 
Many of the major scientists are employed part- 
time by the Ames Laboratory and part time by 
the College on the teaching staff. Many of the 
younger people arc* employed half-time in the 
Laboratory and go to school and work on their 
theses the remainder of their time. The officers of 
the Laboratory are. F. II. tipedding, Director, 
H. A. Wilhelm, Associate Dircetor, A. F. Voigt, 
Assistant to the Director, C. A. Goetz, Chief, 
Division of Chemistry, (J. W. Fox, Chief, Division 
of Physics, M Kmutz, Chief, Division of Chcmieul 
Engineering. 

The Laboratory was organized in 1911 and 
started early in 1942 under the Office of Scientific 
Research and Development. It u as taken over by 
the Manhattan District and was one of the four 
basic laboratories mentioned in Secretary Stiin- 
son's report at the end of the war Since 1946, it has 
been a major Atomic Energy Commission installa 
tion. This Laboratory developed many processes 
which are now in industrial operation, for ex- 
ample, those for making metallic uranium, metal- 
lic thorium, the rare earth elements, etc*. During 
the w r ar this Laboratory produced, on the rumpus, 
more than two million pounds of uranium for the 
early reactors. 

Rure Earths. The elements from atomic mini 
her 58 to 71, inclusive are known as the rare 
earths. They are poorly minted, since thr\ are 
neither earths nor rare The\ were called rate 
earths because the\ were first isolated in the oxide 
form, and resemble somewhat the common caitlis 
AljOi , MgO, Cat), BnO, etc. Cerium, the most 
•abundant rare earth is reported to be more abun- 
dant in the earth's crust than copper, tin, zinc or 
lead, and even the rarer ones such as terbium and 
lutetiurn are more abundant than gold or plati 
nuni. In their elemental form they are a group of 
metals about the color of stainless steel, but con- 
siderably softer. In general, they have three 
electrons in the valence shell or in the conduction 
bands of the metal. As the charge on the nucleus 
increases across the series, extra electrons are 
added to an inner incomplete (41) shell For this 
reason the chemical properties of the rare earths 
are very similar, and in the past it has been diffi- 
cult to separate them in the pure form. As the 
charge on the nucleus increases, the size of the 
rare earth ion gets progressively smaller (lanth- 
anide contraction) and for this reason, they are 
a particularly attractive group for research pur- 
poses in checking various theories of the liquid 
and solid state ami various theories of chemical 
reactions, etc. 

The elements in column 1II-A of the Periodic 
Table (Sc, Y, La and Ac) closely resemble the rare 
earths in their chemical behavior, and La and Y 
are always found associated with them in nature. 
For this reason, these elements arc* also sometimes 
called rare earths. The actinide "rare earth” 
series, elements 90-101, particularly the heavy 
members, have properties closely resembling the 
rare earths. Thus it can be seen why the rare earth 
type elements are so important for theoretical 
studies, since they represent 30% of the Periodic 
Table. 
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The rare earths are found widely scattered in 
nature in low concentrations, and in high concen- 
trations in certain ores such as bastnasite, mona- 
ssitc, xenotime, gadolinitc, fergusonhc, euxenite 
and sanmrskite. The mixed ran* earths have found 
considerable commercial application as cores for 
carbon arcs, mischmetall used in the steel industry 
as a getter, and pyrophoric alloys for cigarette 
lighters. Lanthanum oxide is used in high (pialitv 
optical glass, and cerium oxide is widely used as a 
polishing agent and w s a glass opacities Whenever 
uranium, plutonium or thorium fissions, radio- 
active rare earths compose a fair percentage of the 
fission products. Some of these have large nuclear 
cross-sections and have to be removed if the chain 
reaction is to be maintained Conversely, these 
elements could serve as control roils. 

In the past, the rare earths were separated by 
repeated fractional operations, eg, fractional 
crystallization, and it required anywhere from a 
few dozen up to 40, (XX) fractionations to isolate 
the individual rare earths in reasonably pure form. 
Since 1041, the heavier rare earths have been 
separated ratl»«*r * tpidlv by ion-exchange meth- 
ods, and they are now commercially available, 
since a number of companies have set up pilot 
plants for this purpose. 

All the rare earths exist in the trivalent state, 
and samarium, europium and vt terbium exist in 
the divalent state as w T ell These latter elements 
can be readily separated from the others b\ taking 
advantage of this lower valency state. Cerium 
exists in the 1 valent state and can be icadily 
separated from the others by putting it m its 
oxidized form Terbium and prnseod> mium also 
exist in a higher valent state in the form of the 
oxide, but aqueous solutions of the high valent 
form have not yet been prepared. 

The metals can be produced b\ electrolysis in 
fused halide melts or by thermal reduction of the 
halides with an active metal such as potassium or, 
preferably, calcium Europium, samarium and 
ytterbium ure only reduced to the divalent state 
with calcium. However, these elements are quite 
volatile at the melting point and can be readily 
prepared by heating their oxides with lanthanum 
metal or mischmetall. The pure samarium, ytter 
bium or europium can be easily distilled away 
from the mixture. Most of the lare earth metals 
.arts paramagnetic and many of them become anti- 
ferromagnetie or ferromagnetic at low’ tempera- 
tures. 

K. H. Spkddinu 

Cross-references: liarv Earths 


AMIDES 

Amides are organic compounds containing a 
— CONIIj group and are closely related to organic 
acids. 

Sodium amide (sodamide) (NaNH* , m.p. 210°C) 
ia made by the reaction of metallic sodium with 
ammonia. If Bodium amide is left in contact with 
air, sodium nitrite forms, and the resulting mix- 
ture ia explosive. Sodium amide reacts with (1) 
water to form sodium hydroxide and ammonia; 


(2) hydrogen to form sodium hydride and am- 
monia; (3) carbon monoxide to form sodium 
cyanide, sodium hydroxide, and ammonia; (4) 
carbon dioxide to form eyunamide (NI1 2 CN) and 
sodium hydroxide; (5) carbon disulfide to form 
sodium thiocyanate and hydrogen sulfide; (6) mag- 
nesium to form magnesium nitride; (7) aluminum 
to form aluminum amide [A1(NH 2 ), |; (H) alkynesr 
in ether (IK*. — fill -f XnNTl,-» IiC^CNa + Nil.); 
(()) alkyl halides to form an alkene (C-HJ 4- 
XaNIli — C 2 H 4 T + Nal + Mia T ). When heated 
above 330°(\ sodium amide decomposes into its 
elements. Other alkali amides are known. Lithium 
amide is less reactive than sodium amide. Potas- 
sium amide is quite similar to sodium amide, but it 
is much more soluble in liquid ammonia. 

Organic amides may be considered to be deriva- 
tives of ammonia in which a hydrogen atom has 
been replaced by an acyl group (IK 1 !)--). The 
simplest amide is formamide (llC()NIf 2 , b.p. 
210 C). Amides, like amines, are primary, second- 
ary, or tertiary depending upon the number of 
hyilrogeu atoms of ammonia that, has been re- 
placed. 

Amides may be prepared by (l) rearrangement 
caused bv heating the corresponding ammonium 
salt (CTl,COONll 4 r* CHiOONHi + Il 2 <»; (2> 
the reaction between an ester and concentrated 
ammonia water (CII^COOCML f Nil* ^ 
riLCOXH. 4- (\iILOH); (3) ammonolvsis of an 
acid halide or an acid anhydride by ammonia or 
bv a primary or a secondary amine (OHiC’OPl 4- 
2N11| — * (TI.CONH* 4- NH. Cl); (4) partial hy 
drolvsis of a nitrile (Cjll&CN 4- HsO — *• 
CifUCOXIIj ). 

Amides undergo many reactions. Among tliem 
aie (1) the fomiation of salts with strong acids, 
(amides, howc\»*r, are relatively weak as proton- 
acceptors); (2) hydrolysis in either acid or alka- 
line solution. An example of each follows: (1) 

CilfC'OXHs + ILO + » OH 1 GOOII + NH 4 + ; (2) 
OH lOOXHs 4- OH“ ♦ 011,000- 4* NHkf.W 

reduction essentially by hydrogen to form a pri- 
mary amine; (1) reaction with nitrous acid to- 
form 1 he corresponding acid, nitrogen, :uul water; 
(5) the reaction with an alcohol in the presence of 
boron triiluoride or hydrochloric acid yields an 
ester as the chief product; (6) when treated with a 
strong dehydrating agent such as ISOs or 8001* , 
water is lost and a mtrile is formed that contains 
4 he same number of carbon atoms as the- original 
amide; (7) conversion to n primary amine that 
contains one fewer carbon atoms than the original 
amide is accomplished by the Hof man reaction) 
in which alkaline h.vpohalitc is used. 

Acetamide (ethanamide, CII*UONII 2 , m.p. 
81 °C) is probably the best known amide. Its color- 
less crystals are deliquescent. The compound dis- 
solves well in water, glycerol, and ethanol. It 
lucks odor, and it boils at 222°C. Acetamide is used 
as a solvent, and in organic syntheses. It is used 
to make lacquers, explosives, and surface -active 
agents. 

Urea (carbamide, C0(NH s )* , m.p. 132.7°C) ia 
an example of a diamide. Many derivatives of this 
compound arc known. Urea is soluble in water, but 
it is not generally soluble in most organic solr 
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vents. Urea is formed as the end product from the 
metabolism of protein food. It is excreted in the 
urine of mammals. Synthetic urea is now nianu 
factured in large quantities by a process in which 
ammonia and carbon dioxide are carefully heated 
together under controlled pressure conditions. 
Synthetic urea is used as an animal-food additive, 
as a fertilizer, uud for the manufacture of resins 
and plastic materials. 

Elbert (\ Wkvyku 

Cross-references: Amines, Acids, Ammonia 


AMINES 

Amines as a group are organic compounds de- 
rived from ammonia. Amines are used extensively 
for a number of purposes: they are solvents, sur- 
face active agents, rust inhibitors in anti -freeze 
mixtures, and are used to make special soaps 
employed in the cosmetic and dry-cleaning in- 
dustries. Amines are intermediates in the suit lie- 
sis of many useful compounds, some of which 
become dyes or medicines. Amines also yield salts 
such as methyl ammonium chloride (CfljXlIiCI). 
On extreme alkylation, tertiary amines form 
quaternary ammonium salts, for example, tetra- 
methyl ammonium chloride KCI1 i) 4 NCIJ. 

Primary amines (RXI1 2 ) such as methyl amine 
(CllsNHa , b.p. — 7 C C) have one hydrogen atom 
of ammonia replaced by an organic radical; 
secondary amines (RR'XII) such as dimethyl 
amine [(CHdaXlI, b.p. 7°C1 have two hydrogen 
atoms of ammonia replaced; and tertiary amines 
(R U'R"N) such as tri methyl amine [tCH*)aN, 
b.p. 4°CJ have no hydrogen attached to nitrogen. 
These are all alkyl amines. The same three sorts 
of amines are known w ith aryl substitutents. The 
simplest primary aryl amine is aniline (CbILNIU) 
or phcnvl amine. Mixed amines are also known. 

Like ammonia, amines tend to ionize in water 
and form alkaline solutions. Some of them are even 
more active than ammonia in this respect. If K i* 
the dissociation constant, 

NH, + I U) ~ NII 4 * + OH 

K = 2X 5 * 

OHsNHs + HsO CIIaNHa* 4- ()H“ 5 X 10~* 
(CHs)jNH 4- II 2O ^ (GH,)«XIV + OH 

5.4 X lO" 4 

(CHa)aX + HjO ^ (CHa)aNH + 4- OH- 

5.9 X 10-* 

Primary amines may be prepared by (1) reduc- 
tion of nitro compounds by hydrogen; (2) alkaline 
hydrolysis of isocyanates or isocyanides; (3) the 
Hofmann reaction of sodium hypobromite on an 
amide; (4) action of strong alkali on an amine 
salt; (5) reaction of an alkyl halide with ammonia; 
(6) reduction of a nitrile by sodium and alcohol 
(a special case is the reduction of adipic acid by 
ammonia, followed by dehydration and then hy- 
drogenation (1 , 6-hoxanediamine [CHs (Clla) 4CH2- 


N II*] forms a compound used in the manufacture 
of nylon); (7) sodium phlhalimidc and an alkyl 
halide followed by alkaline hydrolysis (Gabriel 
synthesis); (8) reduction of oximes by sodium and 
alcohol; (9) alcohol vapor and ammonia heated 
w r ith thorium oxide as a catalyst at 360°C; (10) 
from amino acids, as accomplished in the decompo- 
sition of fish. 

Secondary amines are prepared by (1) alkyl 
halides reacting with primary amines; (2) the 
reaction of alkyl halides with sodium cyanarnide 
(NujNCN); (3) decomposition of amino acids. 

Tertiary amines may be prepared by treating 
ammonia w f itli an excess of alkyl halide. 

Primary amines react (1) with water to form 
substituted ammonium hydroxide; (2) with acids 
to form addition compounds; (3) with alkyl halides 
to form the halides of the eorrespnnding secondary 
amine; (4) with acid chlorides to form substituted 
amides (for example, acetyl chloride and etbvl- 
amine form X cthylacet amide and ethylamine 
hydrochloride); (5) with nitrous acid to form a 
primary alcohol; ((>) with chloroform to form the 
corresponding isoevanide; (7) with (Irignard re- 
agents. 

Secondary and tertiary amines also react with 
many of these substances, but the products differ 

Mono , di , and trimethyl amines are low cost 
sources of basic organic nitrogen. 

Dimethyl amine Id’ll sp. gr. 0 6S at OTJ 

may be made b t \ the reaetion of methanol vapor 
and ammonia with a catahst at a high tempera- 
ture It is used to unhair hides, to absorb acid 
gases, as a flotation agent . as a gasoline stabilizer, 
and as un intermediate in the preparation of local 
anesthetics and antihistamine, as a rubber curing 
accelerator, and in electroplating. Trimethyl amine 
|(CHjhX, sp. gr. 0 652 at —5 (’j is used to make 
choline chloride ((C 1 !! .OIKTUNd Jll 1) dCII, a 
poultry feed additive. 

If a 12- to 21-carhnn atom chain is attached to 
the carbon atom adjacent to the nitrogen atom in 
a primary amine, the result is a stable liquid that 
resists oxidation, and which can be used as an oil 
additive. 

A more branehed chain amine such as tertiary 
butyl amine |CHi — (’(ClhJj -N1I 2 | reacts with 
aldehydes, cyanogen ehloride, and alkyl halides. 
Uses for the produets of these reactions include 
intermediates for rubber-proeessing chemicals, 
insecticides, oil additives, photographic chemi- 
cals, dyestuffs, pharmaceuticals, surface active 
agents, and corrosion inhibitory. 

Hexamethylenetetramine |(CII 3 )ftN\ , m.p. 2ti3°( 1 ) 
is made by the combination of formaldehyde and 
ammonia. It is 11 sweet -tasting iolid, irritating to 
the skin, and soluble in water. Under the name 
“Urotropin” or Methenamine, it. is used as an 
urinary antiseptic. It. is also used as an accelerator 
in the caring of rubber, and as a raw material in 
the manufacture of some plasties. It has a slightly 
irritating effect on the skin if used regularly. 

Other interesting amines include choline, dis- 
covered in hog bile and also found in beer; acetyl 
choline, a medicinal; ethylene diamine, a rubber 
latex stabilizer and a corrosion inhibitor; and 
numerous compounds from the decomposition of 
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proteins such as cadaverine, petit rescin, ami 
lUMirinc. 

Klhkrt <\ Wkavkr 

Cross-references : Amides, Ammonia , Bases 


AMINO ACIDS 

The amino acids discussed here art* strictly the 
naturally occuring ones. Thc> arc the constituents 
of protein^ and should he distinguished from those 
organic compounds which could fall into this 
group; for, chemically speaking, the term amino 
anti may he defined as an organic compound that 
contains in its chemical structure a carboxyl group 
and an amino or iinino group in the alpha position. 
To avoid confusion it is necessary to set certain 
conditions for the inclusion of a new amino acid 
to the list of natural amino acids that have been 
definitely established as constituents of ptoteiiis. 
These conditions are (1 ) its isolation and descrip- 
tion must have been achieved independently by 
at least two workers, and (2) its chemical struc 
lure must have been established and verified by 
comparison v : *h .. , nthetic product cithei as the 
tacemic or optically active form. Those conditions 
were set by Viokerx and Schmidt in 1031 and remain 
valid 

Ccncriil Considerations. The natural amino 
acids are the structuial units trom which all pro 
teiiiN are synthesized With the exception of pro 
line and h\ droxypiolinc, their chemical structure 
mav be represented as follow * 

R Cli ('noil 

Nil. 

In proline and hydiow prnlinc, the amino group 
is pint of a pyrrolidine ling Owing to the presence 
of one oi more basic ammo and acidic carboxyl 
groupings in their chemical structures, amino 
acids have amphotciic piopcitics which permit 
them to react with acids, with alkalies, or with 
one another. The manner in which an amino acid 
reacts with itself, or with aimthci amino acid, is 
termed condensation t peptide formation) and 
may be represented as tollows 

K — Cii -COOI1 f H -CII- COOII 

l l 

Nil, NHj 

R— CII COHN - CH- R + 11,0 

I I 

Nil, COOIl 

Thus it can be readily seen thut on condensing an 
amino acid with itself or with another amino arid 
the carboxyl group of one nr I the amino group of 
the other are chemically bound to form an amide 
linkage, with a loss of one molecule of water. This 
process of condensation may be carried out to 
form a chain of bound amino acids of indefinite 
length. 

The resultant product of condensing two amino 
acids is a dipeptide, of three amino acids, a tri- 
prptide , of several amino acids a polypeptide. 


Briefly, one may consider a protein as a polypep- 
tide molecule which consists of a large aggrega- 
tion of amino acids. 

Hydrolysis. The ehemieal process that involves 
the breakdown of a protein molecule to its com- 
ponents, Ihe amino acids, is termed hydrolysis. 
Three general agents are employed in the hydroly- 
sis of proteins, viz: (1 ) an acid , such as hydrochlo- 
ric or sulfuric acid, (2) an alkali , such as sodium 
hydroxide, potassium hydroxide, or barium hy- 
droxide, and (2) a suitable proteolytic enzymt. 
Whatever agent is employed for the hydrolysis 
of a protein, one molecule of water is gained 
every time a peptide bond is broken down. This 
is illustrated in the following manner: 

U CII COHN CII COOH + h 2 o 

i I — * 

Nil. R 

R fil— COOH - f R— CH COOH 

NHo NH„ 

Therefore it is obvious that whereas through 
condensation of amino acids one molecule of water 
is given off for every amide linkage 1 synthesized, 
one molecule of water is gained on hydrolyzing a 
peptide linkage and the liberation of two amino 
acids. 

With the exception of glycine, all naturally oc- 
curring amino acids arc optically active. The syn- 
thesis of an amino acid invariably results in an 
optically inactive form (an equal mixture of i> 
and 1 j) . The hydrolysis of proteins by alkalies also 
yields optically inactive mixture of amino acids. 
Kneli opt i» mb' active amino acid has a specific 1 
lot at ion vah e which is a characteristic of this 
particular amino acid. This characteristic is im- 
pnitaut for identification purposes and nutrition- 
ally. as. in most instances the L-niuino acids are 
metabolized by the animal system. 

Vmino \eicls in Human Nutrition. The term 
refeircd to in the literature as an essential, or an 
indispensable, amino acid has been iis«»cl inter- 
changeably e”d has been defined as that amino 
acid which the animal system cannot synthesize, 
at least at a rate commensurate with its needs. In 
the exp«*iimental animal, the continued absence 
of any indispensable amino acid from its diet leads 
to loss of appetite loss of weight, characteristic 
pathologic changes, and eventual death. A dis- 
pensable, or nonesscutiul, amino acid is one that 
the animal system cun synthesize. This does not 
necessarily mean that they are valueless in our 
dietary requirements. 

Rose investigated man’s requirements of each of 
the essential amino acids and determined the 
minimum requirements of each and made a tenta- 
tive recommendation of the required daily intakes. 
A summary of his findings is found in Table 1(A). 

Lesser-known Amino Acids. In recent years, 
several amino acids have been isolated from cer- 
tain proteins. As they occupy a relatively lesser 
important position in metabolism than the defi- 
nitely established ones, they have been referred to 
as “Occasional or Lesser-known Amino Acids'*. 
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They are as follows : 

Occasional Amino Acid** 
Hydroxy lysine 
Ornithine 

Citrulline 

Octopine 
Djenkolic acid 
beta Alanine 

bet a -Tliiol val i ne 
meso-^ e-l)iaminopi- 
melic acid 


y Aminobutyric acid 


«-7-Diaminobutyric 
acid 

a-Aminobutyric acid 

a- \1nino-7-guanidin- 
oxy-n butyric acid 
(canavanine) 
a Xmino 8,8 diinothy 
% hydroxybutvric 
acid 

N -Met hvlisoleueine, 

N-Methylvalino, an 
N T -Met hv lleuci no 
N -Met hvlimidazole- 
alanine (methylhis 
tidine) 

Alanine (ae-Aminopropionic acid), [Oils — 
Clf(XHs)‘ -C'OOHJ. Alanine is the first amino acid 
obtained by synthesis before it was isolated from 
the products of the hydrolysis of proteins. It was 
synthesized by Strecker in 1850. In 1888, Weyl 
isolated it in the crystalline state from the hy- 
drolyzute of silk fibroin und definitely established 
its chemical structure 

Silk fibroin is the best source of nlunine. The 
protein is first hydrolyzed with either strong hy- 
drochloric acid or sulfuric acid. From the hy 
drolvzate, alanine may be conveniently isolated 
by the classical method of Fischer which corisists 
in condensing the amino acids with ethanol. The 
result ant product contains a mixture of ethyl 
esters of the amino acids. It is subjected to frac- 
tional distillation in vacuo and the fraction that 
has a b.p. of 50°C at 10 mm pressure consists of 
alanine-ethyl ester. It is hydrolyzed and pure 
l( 4* ) -alanine is obtained. Bergmann and Nieman 
described another procedure. Glycine is first re- 
moved from the acid hydrolyzatc of silk as its 
trioxalatoeliromiate. From the residue, alanine is 
precipitated with a solution of dioxypyridatc. 

In 1937, Tobie and Ayres described a satis- 
factory synthesis which involves the reaction of 
commercial a-bromoprionic acid with an excess 
of ammonia. DL-Alnnine has also been prepared 
by the Strecker synthesis. This involves reacting 


Source* 

Gelatin 

Tyrocidi no, grumidici lie , 
etc. 

Found in the free state — 
emit rovcrsinl 

Octopus, scallop muscle 

Djcnkci nuts and urine 

Pantothenic acid, curno 
sine, anserine 

Penicillins 

( 1 or i/ nt baric n n m di phi hr 
run 

.1 \f ijrabaeicri u m tuhrrru 
I os is 

Bacteria, plants, brain 
and yeast 

Cortfnrhortrrinm di phthi 
riar 

Polymi.xins, C’irculin 

Con/ncbacteri nm diphthc 
riae 

Soybeans and Jack beans 


Esthrna roli 


Knniatins 


Trine 


TABLE 1(A). TENTATIVE I)\TA INDISPENSABLE 
Amino Anns 


Mini 

mum Ret nm 



Lady 

Require 

mended 

Daily 

Intake 

Km 

\ unessential Amino 

Ammo At id 

ment 

Km 

At ids 

L-Tryptophun 

0.25 

0 5 

Glycine 

L-Phcn> lalaninc 

1.10 

2.2 

Alanine 

l- Lysine 

0.80 

l!(i 

Serine 

l Threonine 

0.50 

1.0 

C*y stine 

l Valine 

0.80 

L .(» 

Tyrosine 

l Methionine 

1.10 

2.2 

Aspartic acid 

L Leucine 

1.10 

2>2 

Glutamic acid 

L-Isoleuciiie 

0.70 

1.1 

Proline 

Hydroxy proline 
Histidine 
Arginine 
Titrulline* 


* One of the “occasional** amino acids 


Table 1(B). Ksskmiai . Amino Acids 

KEqriKEMBVTK OK TIIB It AT \\D 

tiik Thick 

The amounts given arc expressed in grams per 
100 grams mixture 


Amino At ids 

Cl.it k 

Rat 


IK r tent 

per cent 

Arginine 

1.2 

* 

Glutamic acid 

5.0 

Not essential 

Glycmc 

1.8 

Not essential 

Histidine 

0.8 

0.4 

Jsoleucino 

1.0 

0.5 

Leucine 

1.5 

0.8 

Lysine 

0.9 

1.0 

Methionine 

0.9 

0.6 

Phenylalanine 

1.6 

0.7 

Threonine 

1.3 

0.5 

Tryptophan 

0.5 

0.2 

Valine 

2 2 

0.7 

* The inclusion 

of Arginine 

in the rut’s d 


accelerates its growth; otherwise, it is not essen 
tial. 

aeet aldehyde with ammonium chloride and sodium 
cyanide. The resultant hydantoin is hydrolyzed 
with hydrochloric acid and crude i>L-nlnnine is 
obtained. The chlorides are removed from the 
mixture and pure DL-alaniue is reerystallized from 
ethanol. 

Alanine is not essential in animal nutrition. It 
is a constituent of most protein* and occurs to the 
extent of 25 per cent in silk fihooin. 

Arginine. (l-Amino-4-guanidino-fi -valeric 

acid), NHj— O — HN CH#H 2 CII 2 CH(NH 2 )- 

NII 

COOH In 1886, Schulze and Steiger isolated 
arginine from the aqueous extracts of lupine seed- 
lings. The elucidation of its chemical structure 
and its isolation in the pure state were accom- 
plished by Iledin in 1895 and in 1910 Sorenson syn- 
thesized it. 

The protamine salmi ne contains approximately 
85-86 per cent arginine; hence it is the best source 
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of this amino acid. ArKininc is satisfactorily ob- 
tained from the acid hyd roly cates of such proteins 
as hair, fibrin, gelatin, etc., by precipitation w it h 
flavitmic acid. Arginine fiavioimte i.s hydrolyzed 
with hydrochloric acid and arginine monohydro- 
chloride is crystallized from aqueous ethanol 
solution. 

un-Arginine is synthesized by reacting cynna- 
mide with benzoylornithine and the resulting 
product is treated with hydrochloric acid for the 
removal of the benzoyl group. l*ure 01 . arginine is 
obtained by crystallization from ethanol. 

Arginine is not an essential amino acid in human 
nutrition. It is essential to the chick. On basal 
diets wherein the sole source of protein is replaced 
by a mixture of all the essential amino acids, rats 
grow better in the presence than in the absence 
of argiuine. Arginine is readily hydrolyzed b\ the 
enzyme arginase, to urea and ornithine. In the 
avian species, arginine is metabolized to urea and 
ornithine and the latter is converted to citrullinc. 

Vspurtic \cicl (o Amino-succinic acid), 
moor CHA'lKNH.jrooHl. The isolation of 
this amino acid f 7>m asparagine, as a crystalline 
substance was repoued in 1M)0 b\ Yaiiquclin and 
Jiobiquet. Some 2(5 years later, IMiwm rediscov- 
ered this compound and named it aspartic acid. 
It was not associated with the constituents of 
proteins until 1873 when Uitthausen isolated it 
from the acid hydrolx ziites of vegetable proteins 
and elucidated its chemical structure Its svnthe 
sis was performed by Piutti in 1SN7. 

Aspartic acid N abundant in most vegetable and 
animal proteins. The best source is asparagine. 
The latter is digested with acid, and the digest is 
neutralized with sodium hydroxide to pH 3.0. 
Then bv the addition of two volumes of ethanol, 
aspartic acid is recovered and recrx stallized from 
water. 

nii-Aspartic acid may be synthesized by reacting 
maleic anhydride and aqueous ammonia in an 
autoclave at elevated temperature. The solids arc 
treated with HCl; ammonium chloride is removed, 
and aspartic acid is recovered and recrystallized 
from ethanol. 

Although this amino acid is not essential in hu- 
man and uniinal nutrition, it is of considerable 
inteiest in metabolism as it plays an important 
role in transamination mechanism. On deamin- 
ation by the liver, it is converted to oxalacetic acid 
’winch is a very reactive chemical compound. 
Oxalacetic acid is readily converted to carbo- 
hydrate by the liver or used by this organ for de- 
toxication purposes. 

Cystine [ I )i (« -Amino-0 t hiopropionic acid ) ] , 
\i . ('H«Cll(Nli,)COO!l]t . In 1810 Wallaston iso- 
lated cystine from a urinary calculus. For almost 
90 years this sulfur-containing amino acid was 
not considered a protein const b uent until Miirner, 
and almost simultaneously Kmbden, isolated it 
from the acid hydrolyzate of horn. In 1903, Erlcn- 
meyer synthesized this amino acid, and in 1905, 
Kmhden elucidated its chemical structure. 

The best sources of L-cy stinc an* hair, horn, and 
wool. Hair is subjected to acid hydrolysis after 
having been washed and extracted with cold 
cleansing solvents. The acid hydrolyzate is then 


decolorized with charcoal and neutralized with 
sodium hydroxide to about pH 4.0. On cooling, 
crude cystine crystallizes. It is recovered and 
dissolved in 3A T lit 1 ! and the mixture is adjusted 
to about pH 4.0, whereupon crystalline cystine 
separates out. 

The best method for the synthesis of DL-cystine 
is that of Wood and du Vigneaud. Phthulimido* 
malotiic ester is reacted with hcnzylthiolmcth.vl 
chloride to form S benzyl t hiolmet by Iphthalimido- 
malonic ester. The latter is hydrolyzed with so- 
dium hydroxide to S benzylcysteine and the re- 
sultant product is treated with sodium in liquid 
ammonia. i>L-(\x>tcine is obtained and oxidized 
with ferric chloride to un-cystine. 

Prior to the discovery of methionine, cystine 
was eonsideied one of the essential amino acids in 
human and animal nutrition. When the indis- 
pensability of methionine was established, cystine 
w as observed to possess a sparing action on dietary 
methionine. Cystine is a constituent of the tri- 
peptide, glutathione, which plays an important 
role in tissue oxidation-reduction. Cystine is be- 
lieved to play an important role in detoxication 
mechanisms. This sulfur-containing amino acid 
is abundant in keratonous proteins, such as w*ool, 
hair, finger nails, hooves, and the hormone, 
insulin 

3,5'-l)iiodoi>rosinr (lodogorgoic acid). 

I 

IlO — \ OHjCIKNHiK'OOll 
I 

This amino neid was discovered by Drecliscl in 
1N94, who isnb.ted it from the coral “ Gorgon in 
C arolinu ” an I termed it iodogorgoic acid. In 
1905, Wheeler and Jamieson reported its synthesis. 

Diiodotyrosinc is found in bath sponges, skele- 
ton of coral (gorgonia) and iodinated proteins 
and thyreoglobulin. It may be prepared by alka- 
line hydrolysis of sponges. The hydrolyzates are 
then neutralized with acid and UL-diiodotyrosine 
is precipitated and recrystallized. 

It is convent ntly synthesized by treating tyro- 
sine with iodine chloride in acetic acid at a tem- 
perature of about (MPC. To the resulting solution, 
sodium thiosulfate is added to reduce the excess of 
iodine chloride. Then upon the addition of am- 
monia, nii-diiodot.x losine is precipitated and re- 
erystallized. 

Diiodotyrosinc is not essential in human or ani- 
mal nutrition. However, this amino acid appears 
to be the precursor of thyroxine, the active 
principle of the thyroid gland. Through isotopic 
iodine it has been shown that tyrosine is first 
converted to diiodotyrosinc and the latter finds 
its way to the thyroid gland where it is converted 
to thyioxine. 

Glutamic Acid (a-Aminoglutaric acid). 
[H( K >C -CH *CH *CII (N H 2 ) COOH 1 . Glutamic acid 
was discovered in I860 by Ritthausen, who ob- 
tained it from the acid hydrolyzate of glutin. 
Wolff synthesized it in 1890 and established its 
chemical structure. 

It is prepared by hydrolyzing gluten with hydro- 
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chloric acid, decolorizing the acid liydrolyzato 
with charcoal and concentrating the filtrate, Glu- 
tamic acid hydrochloride separates out and is 
recrystallized and converted to the commercially 
well-known product, monosodium glutamate. 

i>L-Ulutamic acid may be prepared by reacting 
methylacrylate, ethylphthalimidomalonate. and 
sodium in absolute ethanol. The mixture irt then 
concentrated and treated with strong hydrochloric 
acid. After the removal of phthalic acid by filtra- 
tion and dccolorization of the filtrate, the latter is 
neutralized to about pH 2 0. whereupon ou-glu- 
tamic acid separates out and is recrystallized. 

i.-Glutamic acid is not essential in human nu- 
trition but is indispensable to the chick. Glutamic 
acid has also been reported to be of >ome value 
medicinally in the treatment of epilepsy and in 
the mental development of children. The mono- 
sodium salt of glutamic acid has become an im- 
portant commodity of commerce. Owing to its 
meat -like flavor, it is being used as a condiment 
in foods, soups, and sauces. Glutamic acid is very 
abundant in most vegetable and animal proteins, 
particularly in wheat gluten and in the residue of 
beet sugar known as “Steffen’s Waste”. The latter 
raw material is the chief source of commercial 
monosodium glutamate. 

Glycine (a- Amino acetic acid), [CILCNl!,)- 
G< )OHJ. Glycine was discovered in 1820 by Braron- 
rot who obtained it from the acid hydrolyzate of 
gelatin. It was termed glycine bv Berzelius, who 
synthesized it in 1857 and elucidated its chemical 
structure. 

After the removal of glutamic acid from the acid 
hydrolyzate of gelatin, the residue is brought to 
dryness and the dry amino acids mixture is ester- 
ified with ethanol. Ethvlglvcine ester is fraction- 
ally distilled and promptly converted to its 
hydrochloride. As the basic ester is unstable, 
ethylglycine ester hydrochloride is next hydro- 
lyzed with hydrochloric acid and glycine is re- 
covered and recrystallized from ethanol. 

Glycine is obtained in good yields by reacting 
monochloroacetic acid with ammonia. Excess 
ammonia is removed by distillation and glycine is 
recovered and recrystallized. As it has no optical 
activity, synthetic glycine is identical with the 
natural product. 

Glycine is not essential in human and animal 
nutrition. It is essential to poultry. In metabolism 
it plays an important role in in vivo detoxication 
of numerous toxic uroinatic compounds, it is 
abundant in most proteins, particularly in gelatin 
and silk fibroin. 

Histidine (a-Amino-/9-imidazolcpropionic 
acid). 

H C c CII 2 GII(NHj)CO()H 

l ; 

N NH 

\ 

CH 

On April 9, 1896, Kossel isolated this amino acid 
from the acid hydrolyzate of protaminos. He 
accurately identified its chemical structure and 
named it histidine. On May 11 of that year, Hedin 


reported its discovery as a protein constituent. 
The first synthesis of histidine was accomplished 
by Byman in 1911. 

is -Histidine is obtained by hydrolyzing hemo- 
globin with hydrochloric acid. The excess 1IC1 is 
removed preferably in vacuo and to the residue 
3, l dichlorobenzenesulfonic acid is added. A 
precipitate is formed which is recovered and re- 
dissolved in hot water. The histidine disulfonate 
in solution is then treated with barium hydroxide 
to about neutrality. The insoluble barium sulfon- 
ate is removed by filtration. Tin* filtrate is eon 
rentrated in vacuo and L-histidine is crystallized. 

The synthesis of DL-histidine is rather tedious 
and the yield is low. Byman’s method has been 
modified by numerous investigators with moder- 
ate improvements. The basic principle involves 
the reaction of 1-chloromcthylimida/olc with 
ethyl acctnmidouialonute The resultant complex 
product is hydrolyzed to i>l histidine 

Histidine is essential to animals but not 1o man. 
On decarboxylation, it is converted to histamine 
This reaction may occur in the intestines as part 
of the process of bacterial putrefaction It also 
occurs in injured or destroyed tissues i. Histidine 
is a strongly basic amino acid and appears to be 
a constituent of most well known proteins 

H>«lrox> proline (1 llydroxv I pxrmlidiiie 
carboxylic acid). 

HO OH -(II. 

I I 

11,0 CH,CO()H 

> / 

NH 

This amino acid was discovered b\ Fisehei in 
1902 among the acid hydrolyzate of gelatin In 
1905 Leuchs synthesized it, elucidated ils chrmi 
cal structure, and termed it hydioxyproline 

The hydrolyzate of gelatin is first treated with 
fluvionie acid to remove arginine. Brnline is next 
removed from the filtrate as is rhodanilatc salt 
and the hydroxyproline is then precipitated as tin* 
reineckate. By treatment of hydroxyproline re 
ineckate with pyridine the pure amino acid is 
freed from its salt, recovered, and recrystallized. 

DL- Hydroxyproline is obtained by first reacting 
acetoacctic ester with epichlorhydrin and con- 
verting the resulting product to the oxime by the 
action of nitrosyl sulfuric acid. This is followed 
by reduction with hydrogen using platinum oxide 
os a catalyst and treatment of the reduced product 
with ammonia. nL-Hydroxypitoline is then sepa- 
rated from the alio isomers via its eopper salt . 

This amino acid is not essential in human or 
animal nutrition. Little is known about its metab- 
olism. Ingestion of hydroxyproline has been re- 
ported to give rise to glucose in the experimental 
animrl. Gelatin and hemoglobin are the best 
sources. 

Isoleucine (a-Aniino-0-methyl-n-valeric acid), 
"II, C 

^CH — CIItNITaK'OOH . This amino acid 
/ 

L.H.C, 
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was discovered by Felix Khlrich in 1903. Bouvcault, 
and Locquin synthesized it in 1906. 

Isoleueine and its isomer, leucine, arc simultanc- 
ously precipitated as their copper salts from de- 
siigarized beet syrup. The two salts are separated 
by fractional crystallization from methanol. 
L-lsolcucitie is very difficult to isolate in a pure 
form entirely free from methionine and leucine. 

on- Isoleueine may be prepared by bromination 
of tt-bromo-0-mcthyl valeric acid. The correspond- 
ing a bromo acid is then treated with ammonia. 
On repeated fractional recrystallization from 80 
percent methanol UL-isoleucine is freed from alio 
isoleucine. 

Ij Isoleueine is an essential amino acid in human 
and animal nutrition. It appears to he abundant 
as a component of most dietary proteins. The best 
source of i. isoleueine is the residue of beet sugar 
i Steffen’s Waste). 

Leucine (nr Aminoisocnproic acid), [(t 1 !!*), 
('ll (TljClKXH »)('( M)I1| This amino acid was 
discovered by Pioust in 1819 who isolated it in a 
crude form from cheese by-products. Subsequently 
Braeonnot old •* m the crystalline state from 
tie* hvdrolyzalOs of muscle and wool proteins, 
and named it leucine. The elucidation of its chem- 
ical structure was accomplished bv Schulze and 
J.ikiernik in 1891 , ami its synthesis |»> Krlonnioyor, 
Jr and subsequent I \ b\ otheis 

Leucine is obtained In In drol\ zing casein or 
hemoglobin in sulfuric acid The sulfate ions are 
icmoved with haiium Indroxidc while the mix- 
ture is hot The clear filtrate is decolorized with 
charcoal and allowed to cool Txrosine separates 
out and is removed bv filtration The filtrate is 
concentrated in rnruo, acidified with hydrochloric 
acid and heated. Sodium-2-bromotoluene 5-sul- 
fonate is added to precipitate leucine. The precipi- 
tate is recovered, treated with barium chloride 
and leucine is recovered from the filtrate, and re- 
crystallized by dissolving it in hot water and am 
inonium hydroxide. Ammonia is removed by 
evaporation, l- L eucine is thus obtained yi a pure 
state. 

Isocaproie acid is converted to n-hromoiso • 
caproic acid by bromination. The bromo com- 
pound is treated w r ith ammonia, m,- Leucine is 
recovered and rccrystallized from 50 per cent 
ethanol. 

ii-Leucine is an essential amino acid in human 
and animal nutrition. It appears to be abundant 
as a constituent of most dietary proteins. 

Lysine (<Y-c-I)iamino~ff -caproic acid), [ILNCHj 
C 1 ! I 2 CII 2 CH — ( JII (N II 2 ) CXX)] 1 1 . This amino acid 
was discovered by Drcchscl in 1889. The elucida- 
tion of the chemical structure and synthesis of 
lysine w r ere accomplished bv Fischer and Weigert 
in 1902. 

L-Lysinc is usually obtained as its monohvdro- 
chloridc salt. Blood corpuscles arc hydrolyzed with 
sulfuric acid and the sulfate ions are removed 
with barium hydroxide. The filtrate is decolorized 
with charcoal and picric acid is added to the fil- 
trate. The recovered lysine picrate is digested 
with hydrochloric acid. Picric acid is removed by 
filtration, and L-lysino is then crystallized as its 
monohydrochloride salt . 


dl- Lysine may be prepared from cyclohexanone 
by converting it to cyelohcxanoneoxime. The 
latter is carefully treated with sulfuric acid and 
reacted with benzoyl chloride to yield benzoyl- 
aniinneaproic acid which is converted to the 
nr-bromn acid and treated with ammonia. On sus- 
pending benzoyllvsine* in hydrochloric acid and 
refluxing the mixture, benzoic acid separates out* 
and m, -lysine is then recovered as its monohydro- 
chloride salt and recrystallized. 

L-Lvsine is an essential amino arid in human 
ami animal nutrition. Cereals in general, such a* 
wheat, rice, corn, oats, barley, etc., and the cor- 
responding food products such as flour, gluten, 
corn meal, zein, rice flour, cottonseed, cottonseed 
flour, etc., are deficient in lysine. By supplementa 
lion with L-lvsinc, the nutritive value of these 
vegetable proteins is considerably enhanced. 

Methionine* (rc-Amino -> -moth vlthio-n -but vric 
acid), |( , ir n S ( 1 IIoClI 2 CH(Nir,)( , ()OH]. Thn sul 
fur containing amino acid was discovered by 
Mueller in 1921. Barger and Coyne synthesized it 
in 1928, identified its chemical structure, and, after 
consultation with Mueller, named it methionine. 

It is prepared by treating the acid hydrolyzute 
of ca-ein with mercuric sulfate. Methionine, 
tryptophan, and some tyrosine are precipitated. 
The precipitate is suspended in water and mercury 
is removed as its sulfide. Tryptophan and methio- 
nine are then subjected to fractional crystallizu 
t ion. u Methionine is finally obtained in very small 
yields. 

Numerous methods have been devised for the 
synthesis of un-methionine. One of these consists 
in reacting acrolein w T ith mcthylmcrcaptan and 
treating the »•« 'lilting product w'ith 1ICN to form 
> -met hvl-t hiolp ■ lpionnldehydecyanohydrin. The 
latter is then i acted with ammonia under pres- 
sure to obtain •) -methylthiolbutyronitrile. I’pon 
hydrolysis rf the latter compound w'ith sulfuric 
acid and neutralization with lime, i>L-mcthioninc 
is obtained and rccrystallized. 

Methionine plays several important, roles in 
metabolism: (1) It is essential in human and ani- 
mal nutrition. (2) By virtue of its sulfur content, 
it is the souice of dietary organic sulfur in the 
body. (3) Owing to its labile methyl group, it is of 
importance in transmethylation mechanism in 
tin* in vivo synthesis of choline, creatine, and 
phospholipidcs. (4) I« has also been reported usc- 
f ul in detoxication of certain poisons. Because 
numerous foodstuffs of vegetable sources aro de- 
ficient in methionine, most chicken feed is sup- 
plemented with it to the extent of 0.1 per cent. 
It is also incorporated in certain medicinal prod- 
ucts. 

Phe ny I u I a ni m* (nr - A mino-0 -pheny lpropioni c 

acid). 

(TI 9 CH(XH s )<'OOU 



This amino acid w’as discovered by Schulze and 
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Barbieri in 1879 who isolated it from the sprouts 
of lupine. It was synthesized by Krlenmeyer and 
Lipp in 1883, who elucidated its chemical struc- 
ture and named it phenylalanine. 

L-Phenylulanine is difficult to isolate in a pure 
state. It is obtained from the acid hydrolysate of 
hemoglobin from which l.-lcuciuc has been re- 
moved. The leucine-free filtrate is treated with 
2,5-dibroniobenzcnesulfonic acid and the mixture 
is refrigerated, l- P henylalanine 2,5-dibromo- 
benzenesulfonate separates out, is removed by 
filtrution, recryst alii zed, and the crystalline prod- 
uct is treated with pyridine. Crude i.phcnyl- 
alanine is recovered, dissolved in hot water- 
alcohol mixture. Dilute ammonia is added and 
L-phenylalanine is obtained. 

dl- P henylalanine is easily prepared by bromina- 
tion of phenylpropionic acid and treating the 
resulting hromo product with ammonia to yield 
i>L-phenylalanine. 

L-Phenylalanine is essential in human and ani- 
mal nutrition. It is abundant ns a constituent of 
most dietary proteins. In the animal system, 
phenylalanine is easily converted to tyrosine but 
the reverse is not true. Apparently this amino 
acid is an important intermediate from which 
the adrenal glands synthesize epinephrine and 
arterenol via its conversion to: tyrosine, dihy- 
droxy phenylalanine, decarboxylation and con- 
version to arterenol. The inethylation of arterenol 
yields epinephrine. 

Prolinc (o-Pyrrolidinecarboxylic acid). 

OH,- CH, 

i l 

( 'll; CTICOOH 

\ / 

Nil 

This amino acid was synthesized in 1900 by 
Willstiitter. It was not established as a component 
of proteins until a year later when Fischer iso- 
lated it from the acid hydrolyzatc of gelatin via 
its ester. 

After the removal of arginine from the acid hy- 
drolyzate of gelatin with flavionic acid, a methanol 
solution of ammonium rhodanilate is udded to 
the filtrate. The mixture is cooled and proline 
rhodanilate is recovered and recrystallized from 
an acidified alcoholic solution. Rhodanilic arid is 
removed by treatment of the crystalline product 
with pyridine. L-Proline is obtained. 

DL-Proline may be synthesized by condensing 
sodium malonic ester with trimcthylene bromide. 
The resulting product is then brominated in the 
cold to yield dibromopropylmalonic ester. The 
latter compound is treated wdth ammonia in the 
presence of methanol and saponified with barium 
hydroxide to obtain DL-proline. 

Proline is not essential in human and animal 
nutrition. It is a constituent of most proteins. 
Apparently it docs not play any specific role in 
metabolism. 

Serine (a- Amino-0-hydroxypropionic acid) , 
[CH,(OH)CH(NH,)COOHl. This amino acid was 
discovered by Cramer in 1865. Owing to the diffi- 
culty of its isolation from protein hydrolysates, 


it remained in complete oblivion for the following 
30 years. Its synthesis was accomplished in 1902 
by Fischer and Leuchs. 

I, -Serine* is prepared from the sulfuric acid hy- 
drolyzate of silk fibroin. The sulfate ions are re- 
moved as barium sulfate and the filtrate is de- 
colorized with charcoal and concentrated in vacuo. 
Tyrosine separates out and is removed. Glycine 
is next recovered from the filtrate as 5-nitro- 
naphthulene-1 -sulfonate. The glycine-free filtrate 
is treated with azobenzene-p-sulfonic acid to pre- 
cipitate out alanine. The clear filtrate obtained 
after the removal of alanine is treated with p-hy- 
droxyazobenzcnc-p'-sulfonic acid. The serine 
hydroxyuzobenzeno sulfonate separates out, is 
recovered, and suspended in hot water, und bar 
ium acetate is added to remove the sulfonic acid. 
The filtrate is heated, decolorized with eharcoal. 
and concentrated in me no. ('rude l serine is re- 
crystallized from 80 per cent ethanol. 

Methyl -or -hromo -0- met hoxy propionate is 

treated with methanol in the presence of mercuric 
acetate. The resulting product is brominated and 
the hromo compound is heated with sodium liv 
droxide and subsequently neutralized with sul 
furic acid. The mixture is brought to dryness and 
a-hromo-0-hvdroxypropionic acid is converted 
to DL-scrinc by treatment with ammonia. Crude 
DL-serine is recovered and crystallized from 
ethanol. 

Although l.-serine is not essential in human and 
animal nutrition, its presence in the diet has 
been reported to enhance the biosynthesis of 
cystine from methionine. 

Threonine (cv- Amino -/f hvd row -n -hut vric 
acid), |(TI«(TI(OVI)ClI(NIIj)ax>H|. In 1930, 
Rose discovered, elucidated the chemical struc- 
ture, and named this amino acid, threonine. Its 
synthesis was accomplished by Garter in 1935. 

The isolation of i.-threonine in a pure state is 
very difficult. It may bo prepared from the sul 
furic acid hydrolysate of casein. The sulfate ions 
are remoyed by barium hydroxide and the clear 
filtrate is concentrated in vacuo. Tyrosine und a 
considerable portion of leucine, isoleucine, and 
phenylalanine crystallize out and arc removed by 
filtration. Cupric carbonate is added to the con- 
centrated filtrate and the insoluble copper salts 
of certain other amino acids are removed. Copper 
is removed from the filtrate as CuS. The copper- 
free filtrate is concentrated in vacuo and extracted 
with butanol. The water-soluble fraction is freed 
from its butanol, brought to> dryness in vacuo , 
dissolved in water and treated with sulfuric acid 
and phosphotungstic acid. Th* mixture is filtered 
and the excess phosphotungstic acid and sulfuric 
acid is removed with barium. The residue con- 
tains crude threonine. Repeated crystallizations 
of the crude product yields crystal line L-thrconine. 

dl- 1 hreoftinc may be prepared by reacting 
crotonic acid with methanol and mercuric acetate. 
The addition product obtained is dissolved in a 
solution of potassium bromide and bromine is 
added. Excess bromine is destroyed with sodium 
bisulfite and the mixture is acidified with HBr 
and extracted with ether. The a-bromo-/9-meth- 
oxy-n-butyric acid is aminated under pressure 
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and concentrated in vacuo. The resulting product 
is treated with formic acid, then with acetic anhy- 
dride. Formyl-Dij-o-mcdhylallo-threonine is ob- 
tained and refluxed with HBr, concentrated and 
the residue is neutralized with ammonia and crys- 
tallized from ethanol, dl Threonine is thus ob- 
tained and recrystallized from ethanol. 

li-Threonine is of considerable biochemical in- 
terest. Prior to its discovery by Rose in 1930, 
no investigator was capable of maintaining life 
in the experimental animal on a basal diet in 
which a mixture of pure amino acids was the sole 
source of nitrogen. Since, it has been shown to 
be an essential amino acid to all laboratory ani- 
mals investigated and to man. It is a component 
of most dietary proteins. 

Tryplophun (a-Amino -0-indolepropionic 

acid). 


/V ( W'H(NIl s )COOH 


\y V 

11 

It was discovered, identified, and named by 
Hopkins and Cole in 1902, and in 1907 KUingcr 
and Flammand reported its synthesis. 

Casein is digested with trvpsin and the enzy- 
matic digest is slightly acidified with sulfuric acid 
and filtered. The filtrate is concentrated in vacuo 
until most of the tyrosine has crystallized Tyro- 
sine is removed and the clear filtrate is treated 
with a solution of mercuric sulfate and sulfuric 
acid The mercury salt of tryptophan is recovered 
and mercury is removed as its sulfide. The mer- 
cury-free filtrate is concentrated in vacuo and ex- 
tracted with butanol. The butanol fraction is 
concentrated in vacuo and the residue is refriger 
ated. Crude L-trvptophan is recovered and re- 
crystallized from ethanol. 

Several methods have been devised fqr the syn- 
thesis of this amino acid. (1) Condensation of 
iiulolcaldchyde with hippuric acid gives a low' 
yield of r»L-tryptophan. (2) Conversion of indole- 
aldehyde to the corresponding hydantoin and 
ulkaline hydrolysis cif the resultant product 
yields di, -tryptophan. (3) Ethyl acetamidoeyano- 
acetate is alkylated with gramine (3-diinethyl- 
ami nomethyl -indole) and alkaline hydrolysis of 
the resultant product reportedly gives a high 
yield of DL-tryptophan. 

Many proteins of vegetable origin are deficient, 
or devoid, of tryptophan w’hich has been shown 
to be an essential amino acid in human and ani- 
mal nutrition. This important component of pro- 
teins was most illusive to the scientists of the 
19t.h century, uh every attempt made to isolate 
and identify it failed. The main reason for this 
was that researchers in this field relied on the 
procedure of acid hydrolysis of proteins which 
destroyed this amino acid. Tryptophan, on the 
contrary, is unusually stable to the action of 
strong acids, provided it is free from traces of 
impurities containing either aldehyde or ketone 
radicals. 


Tyrosi ne («-Amifio-0-hydroxyphenylpropionic 
acid). 


HO— 



C1IiCH(NIIi)COOH 


In 1846 Liebig discovered this amino acid and 
named it tyrosine. In 1849, Bopp, in Licbigls 
laboratory, discovered the method of hydrolysis 
of proteins with hydrochloric acid and effected 
the separation of tyrosine from leucine by glacial 
acetic acid. The latter dissolves leucine but not 
tyrosine. Erlcnmeyer and Lipp synthesized ty 
rosino in 1883. 

i.-Tyrosine is readily prcpaied from the acid or 
from the enzymatic digests of proteins such as 
casein. After the removal of the hydrochloride or 
sulfate ions from the digest, the filtrute is con- 
centrated and cooled. Crude tyrosine separates 
out. It is recovered, dissolved in dilute hydro- 
chloric aci(J, decolorized with charcoal and the 
clear filtrate is neutralized with ammonia. Tyro- 
sine crystallizes on cooling. 

uii-Tyrosinc may be prepared by condensing 
anisaldeliyde and hippuric acid in the presence 
of acetic anhydride and sodium acetate. The re- 
sulting product is refluxed in alcoholic sodium 
hydroxide and neutralized w'itli sulfuric acid. 
i>L-Tyrohine is recovered and crystallized from 
aqueous ethanol. 

L-Ty rosine, a constituent of most proteins, is 
not essential in human and animal nutrition, but 
its presence in the diet may reduce the phenyl- 
alanine requirements. This amino acid has been 
studied extensively owing to its close chemical 
relat ionship * o epinephrine, to thyroxine, and to 
kin pigment :>t ion. The latter phenomenon is 
attributed to ‘ • rosine being the immediate source 
of melanin. On decarboxylation of tyrosine, tyra- 
inine is formed. 

in acute yellow atrophy of the liver ami in 
certain diseases involving pathologic changes of 
this organ, t\ rosine is apparently not deaminaied, 
hence excreted unchanged. This metabolic dis- 
order is known as tyrosinurea. 

Thyroxine [nr Amino-0- (3, l-diiodo-4-(3',5'-di- 
iodo 4 '-hydroxyphenoxy) phenyl) propionic acid] 



Thyroxine is the chief active principle of the 
thyroid gland. Kendall was the first to isolate it 
in a crystalline form. The synthesis and elucida- 
tion of its chemical structure were accomplished 
by Ilarington and Barger in 1927. 

Dehydrated thyroid glands arc digested with 
alkalies and not with acids. On neutralization of 
the digest, an iodine-rich fraction precipitates 
out.. This is recovered. The filtrate is collected 
and concentrated. Another insoluble fraction sepa- 
rates out which is also rich in iodine. This process 
is repeated several times. The several iodinc-rich 
fractions are combined and dialyzed. The non- 
dialyzablo fraction is dissolved in alcohol, filtered 
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and brought to dryness in vacuo . Crude i>L-thy- 
roxinc is obtained. This is roe ry st alii zed several 
times. 

Thyroxine is now obtained by the iodination of 
casein, removal of excess iodine and hydrolyzing 
tho iodinated casein with sodium hydroxide. The 
following steps are almost identical with those 
described in the preceding paragraph The thy- 
roxine obtained by alkaline hydrolysis of thyroid 
glands or iodinated casein is optically inactive 
as it is rnccmizcd during alkaline hydrolysis. 

The synthesis of iiL-thyroxine is very tedious 
and the yield is poor. It may be prepared by re- 
acting quinol monomcthylether with 3,4,5-tri- 
iodonitrobenzene. The nitro group of the resulting 
product is reduced to the amine and converted to 
the nitrile and then to the aldehyde. Via the azlae- 
tone synthesis a-benzoylamino 3,5 diiodo-l-(4'- 
inethoxyphenoxy)cinnamic acid is obtained and 
converted to a-amino d-(3, 5 diiodo 1 (l'-nicth 
oxvphenoxv) phenyl) propionic acid On iodination 
of the latter DL-thvroxine is obtained. 

L-Thyro\inc is the active, physiological prin 
tuple of the thyroid gland. A deficiency of thyrox 
ine results in the development of goiter and a de 
create in metabolic processes. 

Valine (a-Aminoisovaleric acid), [(OlIjljCIl 
(Tl(NH 2 )COOH]. Valine was discovered in 1856 
In von Gorup-Tlesatiez and synthesized in 1.S7S 
1 Schmidt and Sachtlaben. The elucidation of 
its chemical structure was accomplished by Kmil 
Fischer, who also resolved the racemic DL-valine 

The best starting materials for the isolation ot 
i. valine arc lupine sprouts and other similar plant 
sprouts After the removal of asparagine, leucine,' 
and proteins from the extracts of plant sprouts, 
the filtrate is concentrated and phenylalanine 
ami valine are recovered from the residue. These 
two amino aeid.s arc converted to their respective 
copper salts and separated by fractional crys- 
tallization. 

i)L-Valine may be synthesized by hromination 
of isovaleric acid and treating the resulting 
u-bromoisovaleric acid with ammonia. The crude 
ammonia- free product is decolorized and i>l- 
valine is crystallized from 50 per cent ethanol. 

L-Valinc is a constituent of most dietary pro 
teins. Despite the simplicity of its chemical struc 
ture, it is an essential amino acid in human and 
animal nutrition. The omission of valino from the 
diet of the rat gives rise to most unusual physio- 
logic disorders, as besides loss of appetite and 
loss of weight, the valine deficient animal loses 
all Hcnse of coordination and becomes very sen- 
sitive to sound. Its continued absence from the 
diet results in eventual death of the animal. In 
man, a deficiency of valine results promptly in a 
negative nitrogen balance. 

Mklvim.k Saiiyw 
Cross-references: Proteins, Nutrition, Polypep- 
tides 
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Some organic compounds possessing free amino 
( — Nil*; group* or functions can form addition 
compounds with formaldclo'dc called ‘mcthylo!’* 


compounds, for example, 

It- Nil- 4 Cl 1*0 - > K NlK’ll.OH (I) 

These methylol compounds can react further by a 
variety of mechanisms; for example, the following 
have been suggested: 

2HNRCIIaOH RNIKTl.OIINIl + II 2 0 


or 

UNlLClI,OH4 H-N -U -> (I1) 

KNIU’II.IINH + II, () 

If amino compounds are used which have more 1 
than one amino group per molecule, polymethvlol 
compounds can be formed. Although existence of 
tri- or tetrameth>lol urea is disputed, it seem* 
possible to obtain all variations with melamine 
from mono- to hcxumetln lol melamines. 

Other substituted ureas, thioureas and substi 
tutod triazene, aniline and other formnldch.v de 
reactive compounds can be used alone or in mix 
tures to obtain the nictlnlol compounds, which 
ran lie considered to be the basic monomers ot 
nminoplast resins. The meth\ lol hydrox\ Is readily 
form ethers with alcohols, and the presence of an 
alcohol, such as butanol, in the reaction mixture 
effectively restricts tin* reactivity ot met h viol 
groups with each other *oi with amino hydrogens; 
bv reducing the met h\ lol 1 unetiuimlit \ of the 
polyfunetional met In lol monomer, for example, 


IINCH.OII 

I 

C— o t- Roll 

IINCH.OII 

I1N CI!,OH 

j 

C=<) f HjO 

i 

i 

IIN ClljOR 


(Uli 


These alkylated meth>lol eompounds can con- 
dense to form larger nioleeules before gelation en- 
sues; that is, higher molecular weight compounds 
can be produced which nevertheless remain more 
soluble in the solvents used in the reaction medium 
because molecular weight is achieved more b\ 
linear propagation than by extensive branching 
or crosslinking. Nearly all solution resins used in 
paint formulation arc prepared in this manner, 
where crosB-linking possibilities of the reBin at 
low molecular weight are restricted by etherifying 
the monomer partly with butanol or other alco 
hols. Without this chemical modification with 
nlcoho 1 , very low molecular weight water- or al 
cohol-soluhle resins can be prepared. These are 
used ordinarily as adhesives or in molding com- 
pounds, but rurcly os coatings resins. 

Even alkylated resins are poor film formers un- 
less they are blended with other resins. At high 
temperatures the unmodified aminoplast enters 
into extensive polymerization reactions leadiug to 
a high degree of branching and cross-linking. Even 
alkylated resins suffer a reversal of the blocking 
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reaction (III) at high temporal u res, thereby in- 
creasing their possibilities for polymerization 
reactions. If another material of low volatility is 
present which contains free hydroxyl groups (such 
as an alkyd or polyester resin) an exchange reac- 
tion can lake place which liberates butanol and 
forniH a covalent bond joining dissimilar resinous 
molecules. Such hybridization seems to occur be- 
tween Initiated melamine and phenolic resins 
(clear coatings for brass), between urea or niel 
amine resins and alkyd rosins (automot ive or white 
appliance finishes), and between epoxy rosins and 
any of the amino resins. In the last example, it is 
probable that the reaction is more complicated 
than can be explained by ether exchange. In all 
those instances a more flexible and more adherent 
film is obtained than when the aminoplast resin is 
the sole film-former 

The curing of aminoplast rosins produces a 
considerable volume of volatiles, such as water, 
alcohol, foriiiiildoliN do and sometimes other do 
composition products In particular, this feature 
complicates design of molding dies (which must 
have provision '*•’ .» “breathing”). In adhesives and 
paints, curing conditions must be such that ex 
pulsion of volatiles is sufficiently slow to prevent 
blistering and other film defects, caused by the dis 
ruptive effects of vapors being expelled Irom vis- 
cous films. 

Aminoplast resins are competitive with phenolic 
resins in many applications. Principall.x lliev 
possess the advantage of better whiteness leten 
lion during cure and also during subsequent aging 
of the plastic or film. This color retention featuie 
has been valued particularly in the production of 
objects like molded housings for grocerv scales, 
plastic dinnerware, white appliance coatings, and 
light -colored phwood. In most uses aniinoplasts 
fulfill a role which phenoplasts cannot serve be- 
cause of their inferior resistance to darkening. 

Compared to phenoplasts of equal durnbilitx. 
aminoplast resins are more costly. In coatings ap 
plications this feature is compensated bv the fact 
that small proportions of aminoplasts (5-35% bv 
weight) mixed with alkyd resins produce films 
which are upgraded in hardness, chemical re- 
sistance, color retention and in speed of cure at 
baking temperatures. Such combinations of alk\d 
and aminoplasts provide the major class of ve 
hides used to formulate baking finishes for indus- 
trial goods like automobiles, machinery, home ap 
pliauces, Venetian blinds, and in general, for 
most metal goods painted on high-speed produc- 
tion lines. This represents one of the more im- 
portant uses of aminoplast resins. Other large 
scale uses are in decorative laminates, e.g., 
brightly colored counter and table tops. In mold- 
ing of plastic items, the commercial possibilities 
are numerous; howrever, the olume used today is 
restricted by the high materials cost of aminoplast 
resin types. The higher cost compared to plieno- 
plasts seems to be justified only wdiere the greater 
deeorative properties coming from improved color 
retention are desired along with superior dura- 
bility. 

Wii.mam von Fistiibk ani> ICpwaroC. Bobai.hk 
Cross-references: Plastics, Alkyd Hem ns 
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AMMONIA 

Ammonia is a colorless alkaline gus (Mb , 
m.w. 17.03) at one atmosphere with a penetiating 
odor, lighter than air. The won! is derived from 
sal ammoniac (ammonium chloride), said to have 
been first obtained from earners dung near the 
temple of Jupiter Ammon in Kgypt. It is formed 
by destructive distillation of hartshorn (hoofs, 
horn) (Spirits of hartshorn). 

Ph>sieal Properties. B P. -33.35°('; V P. 

77.7°C; critical temperature 133. CPC; critical 
pressure 1657 psi. Specific heat at constant pres- 
sure for pressure of one atmosphere: 0°C 0.5006 
cal/g, at 100‘C 0.5317; at 200°C 0.5029. Heat of 
formation, near 0°K, 10.329 cal/mole; 70t)-100U u C 
12,000- 12, K(X) cal/mole. Soluhilitv in water at one 
atmosphere, XH, % by weight: (PC 42.H, 20°C 
33.1, i()°C *'3.t, 6<PC 11.1. On eompressing and 
cooling XII < condenses to a liquid approximately 
00% as heavy as water. Because of the high vapor 
pressure of the liquid at room temperature, it is 
shipped in pressure cylinders. 

Chemical Properties. Oxidation rt actions. 
Ammonia does nol support ordinary combustion 
but it does burn with a yellow flame in air or oxy- 
gen (ignition tempeiature 7SIPC): 4XH.T -f 30* > 

2X • t 6 ICO. An ammonia and air mixture will 
explode under certain conditions; high tempera 
lure and pressure greater than atmospheric. Am- 
monia is also oxidized b\ many oxides: 3CuO -f- 
2X11, ♦ 3Cu f N, + 311.0. 

Under the proper conditions ammonia may be 
oxidized to nitric acid (platinum gauze catalyst): 

iMI, f 50. ->4X<) f 611,0 
2X0 + On -2X0. 

3X0. 4- II jO — 2IIXO, + NO 

In general reducing agents do not affect XI1 3 • 
\mmonia is stable at ordinary temperatures but 
it decomposes into nitrogen and hydrogen at 
150-3(X) C under atmospheric pressure. In the 
presence of c»«al\sts this decomposition may take 
place at 3<KPC. 

Liquid ammonia is an important ionizing sol- 
vent (dielectric constant equal to 16.9 at 25°C) 
which lias been used in many electrolytic solution 
investigations. Sod* mi and potassium dissolve in 
liquid ammonia to form highly conducting colored 
solutions. Potassium dissolves slowly forming the 
amide: 2K 1 2X11* — ► 2KXH a 4- Ha . Chlorine, 
bromine, anil iodine all react . 

»C f l s + KNIl, «6NII«( V 1 + N S 

2X1 1 , + 3Ii — XI* Ml., b 3HI. 

Phosphorus reacts with ammonia at red heat 
to form phosphine and nitrogen: 2NH a + 2P — ► 
2PlI a -|- X-j . Sulfur vapor reacts with ammonia 
to form ammonium sulfide and nitrogen. 

Ammonia forms a great variety of addition com- 
pounds w'hich are often called ammoniates in 
analogy with hydrates. 

The water solution of ammonia is distinctly 
alkuline. The reaction between water and am- 
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monia may be represented by : 

Nil, + Il 2 () NH,-H 2 0 ^ NIL 4 + Oil- 

If an aqueous solution of Nil, is neutralized with 
an acid, nitric (NIIO,) hydrochloric (HOD, or 
sulfuric (II 2 S(M, the corresponding salt is formed : 
NILXOj , XII 4 Cl f lXH 4 ) s S() 4 . The radical Nll 4 
is referred to as the ammonium radical. 

NH« forms many coordination compounds, 
which are often called annuities, e.g., [GiiCXII,),] 
SO4 . 

The double decomposition in which N Hi is a 
reactant is known as ammonolysis in analogy 
with hydrolysis. The substitution of an — Nil, 
(amino) group for Cl, Oil, 80,11, is known as 
animation by ammonolysis. 

Production. Ammonia is one of the by-products 
in the coking of coal. About 5.5 to 6.5 lbs. of am- 
monia per ton of coal coked is recoverable as am- 
monia. Dobereiner was the first to synthesize 
ammonia from nitrogen and hydrogen. Le Ch ate- 
lier was the first to recognize that <0 produce am- 
monia commercially high pressure was needed. 
Haber studied the thermodynamics of the nitro- 
gen-hydrogen equilibrium. I^ewds and Randall 
calculated the change of free energy, and the 
change of specific heat for the equilibrium as a 
function of temperature 

The process used to produce the largest quanti- 
ty « of ammonia today is the Haber-Bosch process, 
which consists essentially of the following: water 
gas (CO, H 2 , C0 2 ) is made from coke, air, steam. 
The mixed gas (which also contains N 2 ) passes 
through a scrubber cooler where dust particles 
and undecomposcd material are removed with, 
water. Most of the CO is converted to CO 2 and 
removed with a carbon dioxide purifier The rest 
of the CO is removed with an ammoniacal cuprous 
solution. The pure gases (3ID to X?) pass over a 
catalyst in a high pressure (of the order of 100 
atm) and high temperature (near 1000°K) am- 
monia converter. The ammonia generated is ab- 
sorbed and removed by water. Modifications of 
this process are used widely. The modifications 
consist of differences in sources of the X 2 and Il 2 , 
the methods of purifying the catalysts, the tem- 
jjcniturc and pressure and the methods of am- 
monia recovery. 

Storage. Anhydrous ammonia is usually stored 
at pressures up to 40 psi. Cylinders containing 
up to 150 pounds and 26 ton tank cars are usually 
used for shipping it. Anhydrous ammonia is 
marketed under two specifications : (1 ) commercial 
grade — ammonia content not less than 99.5%, (2) 
refrigeration grade 99.95% Nil, . The nonbasic 
gas content is not less than 0.20 tnl/gm Nil, , 
moisture content less than 0.01 ml i>er 100 ml 
NH, , pyridine content none. 

Toxicology. There are four hazards connected 
with ammonia: (1) pressure, (2) thermal, (3) 
physiological, (4) explosive. Solutions of ammonia 
are much less dangerous to handle than the pure 
substance. There is no pressure hazard; the phy- 
siological hazard is eliminated. Liquid ammonia 
severely irritates the skin. Gaseous ammonia 
intensely irritates moist tissue. High concentra- 
tions of ammonia cause cessation of respiration. 


Lae*. Ammonia is oxidized in great quantities 
to make nitric acid, which is used to make TNT, 
nitroglycerine, nitrocellulose, and ammonium 
nitrate. In the textile industry ammonia is used 
in the production of synthetic fibers, e.g., nylon, 
cuprammonium rayon. Ammonia is also used in 
the dyeing and scouring of cotton, wool, rayon 
and silk. The principal nitrogen carriers in ferti- 
lizers are anhydrous ammonia, ammonium ni- 
trate, urea, and calcium cvuiiamide Anhydrous 
ammonia is also used 1 o ammoniate superphos- 
phates in the preparation of mixed fertilizers. 

Ammonia is used as a catalyst in the phenol- 
formaldehyde (Hakelite) condensation and also 
in the urea-formaldehyde condensation to make 
synthetic resin. The melamine component of 
melamine -formaldehyde resins are produced by 
the polymerization of dicyanodianiide in the pres- 
ence of ammonia. The sulfa drugs, sufanilimide 
and bulfapyridinc, as well as many vitamins and 
antimalarials, use ammonia in their synthesis. 
In the petroleum industry, ammonia is used as a 
neutralizing agent to prevent corrosion due to 
acidic components in the petroleum products. In 
the rubber industry, ammonia is added to raw 
latex to prevent coagulation during transport 
from plantation to factory. 

Ammonia is the most commonly used refrigerant 
to produce' ice, to air condition, for cold storage. 
Its characteristics of high latent heat of vaporiza- 
tion, low density, high stability and low corrosion 
make it valuable in this respect. 

A recent development is the substitution of Nil, 
for Ca in the bisulfate process for pulping wood. 
This improves the yield and quality of the pulp. 
Nil, is also used as a solvent for casein in the' coat- 
ing of paper. 

Chemical*. Ammonium salts are produced in 
the inorganic chemical field by the neutralization 
of ammonia with an acid The following equation 
represents the production of sodium cyanide* 

NI1» + Xn -> Na.MI, t- Jill*, 

1 

sodium amide 

NaNli. f V mrc > NaCN + II 2 

The nitric oxide required for the conversion of 
sulfur dioxide to sulfur trioxide in sulfuric acid 
manufacture is obtained from the oxidation of 
ammonia. The bulk of nitric acid used in the 
United States is obtained from ammonia oxida- 
tion. The Solvay ammonia-soda process for the 
production of soda ash from sodium chloride uses 
large quantities of ammonia. 

In the organic chemical field amines, amides, 
nitriles are produced writh ammonia, e.g., aniline: 

Cl NH, 


reducing 
agent 

Metallurgy. Ammonia is a processing agent to 
recover copper, molybdenum, and nickel from 
ores. Anhydrous ammonia, after it has been die- 
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Nociafed into N a and II 2 , is used in nitriding alloy 
shoots to impart a hard wearing surface. In powder 
metallurgy, ammonia is used as a protective at- 
mosphere in sintering operations. Metal oxides 
are reduced with ammonia gas in atomic ll 2 weld- 
ing. Since ammonia can he decomposed to give 
hydrogen it is an economical means for trans- 
porting hydrogen. 

Water Purification. In conjunction with chlo- 
rine, ammonia is used to purifx municipal and in 
dust rial water supplies The ammonia and chlo- 
rine are metered into the water in the desired 
proportions. The ehloramines formed are water 
purifiers. 

1> vniki, 1Jkk<; 

Cross-references: Hanes, Amims, Amtdts, Xox 
ions Casts 


AMPEROMETRIC TITRATIONS 

An ampeioinetne t it 1 at inn is a regular titration 
in whieh the equivalence point is determined bv 
measuring the ion curient which flow* 

th tough the system as the result of imposing a con- 
stant voltage across two electrodes in the solution 
The location of the equivalence point is deter 
mined fiom a graph of current v*. millilitets of 
titrant. I suallv it occurs as the inteisection of 
two straight lines. Therefore, it is not necessary to 
give any special concern to the area around the 
equivalence point dining the titration The inter 
section of the two straight lines is readily accom- 
plished by dependable extrapolation. 

The diffusion current measured is the result of 
an elect i ode reaction taking place under the diiv- 
ing force of the applied voltage, and is propor- 
tional to the concent i at ion of the electroactive 
species. The electrode reaction may involve the 
species being titrated, the till ant. the product of 
the reaction of citlici, or of an “indicator”. Each 
situation gives a different shaped plot of current 
vs volume of titrant The titration^ may be 
classified according to the shape of cu/vo which 
they give 

Classification of Titrations. One type of 
curve is that obtained when the species being 
titrated is being oxidized or reduced at the elec- 
trode (most, of the electrode reactions used are 
reductions). The current will decrease due to the 
removal of the species by the titrant. When the 
titration is complete, the current How becomes 
essentially zero and remains zero upon the addi- 
tion of excess titrant. As an example, consider the 
titration of lead ion w T ith sulfate. At an applied 
voltage of —0.65 volt vs. S.C.K. (saturated calomel 
electrode as a reference) the lead ion is reducible 
at the dropping mercury electrode, and a diffusion- 
controlled current is obtained, exactly as in 
polarographic analysis. Now, when the concen- 
tration of lead ion is reduced by reaction with the 
sulfate to form insoluble lead sulfate, the diffu- 
sion-controlled current is decreased accordingly, 
because it is proportional to the lead ion concen- 
tration. This continues until no lead ion remains. 
No species reducible at the applied voltage of 
—0.65 volt vs. S.C.K. is then present, and the 


current approaches zero and remains so upon 
addition of excess sulfate. Hy measuring the cur- 
rent at four or live points both before and after 
the equivalence point, straight lines may be con- 
structed, and their intersection denotes the 
equivalence point Current readings are generally 
eorreeteil for the volume change caused by the 
titrant before plotting. 

A second typo of titration curve involves the 
titration of a nonnetive species with an active 
(oxidizable or reducible at an electrode) titiant. 
An example is the titration of barium ion with 
chromate. Here no current is obtained until all the 
barium has been precipitated by the added chro- 
mate Then the current will increase as the excess 
chromate is reduced at the indicator electrode at 
the applied potential. A third classification is 
that in which both the species being titrated and 
the titrant provide a diffusion current by reduc- 
tion at the indicator electrode A typical example 
w ould he 1 ho t it ration of cupric ion w it h a-nitroso- 
0 naphthol. 

Choice of \pplicd Voltage. The voltage ap- 
plied across the electrodes must be sufficient to 
cause the desired oxidation or reduction reaction 
to take place It must not he so high that it causes 
undesiiod reactions to occur at the electrodes. In 
general the potential is conveniently found by 
examining a polarogrum of a solution containing 
the active ion. A voltage corresponding to the 
flat, diffusion current portion of the curve is the 
most desirable. Thus, in the first example, it is 
desired to have* lead ion reduced as long as it is 
present. A polarogrum of lead nitrate indicates a 
diffusion current occurring due to the reduction 
of lead between - 0 05 and —10 volt vs. S.C.E. A 
polnrognmi o ' .ilfate does not show any reduction 
wave in tins n gion. Thus any value in this range 
would be satistactory, provided the actual titra- 
tion sample contains no other reducible ions. 

Concern rat ion Range. Polarographic mcas - 
uu meat is most commonly made with solutions 
10 2 10 a M. Since the currents obtained in am- 
perometric titrations are the same, solutions of 
ions in this general range will be the most satis- 
factory. The wide range is possible by using a 
series of shunts which makes possible the meas- 
urement of definite fractions of the total diffusion 
current. 

Relation to Other Methods. As indicated, 
amperometric tit tat ions are directly related to 
polarographic measurement. In effect, it is a 
polarographic measurement of concentration of 
the active species after increments of the titra- 
tion. The method is also related to the “dead- 
stop” end point. In the latter, two indicator elec- 
trodes are used instead of one indicator and one 
reference as in amperometric. A constant, potential 
applied will cause the electrode reactions to occur. 
If one of the species necessary for one of the elec- 
trode reactions is removed by titration, the cur- 
rent drops to zero at the end point as with the 
amperometric titration. This cessation of current 
flow is noted on a sensitive galvanometer. 

Wahkbn W. Brandt 
Cross-references: Tit ration , Analytical Chem- 
istry, Polaryraphy 
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ANALYTICAL CHEMISTRY 

Analytical chemistry is probably the oldest 
field in the broad spectrum of the science of chem- 
istry. Many years were required to dispel the lure 
of alchemy; more were needed to demonstrate 
the fallacy of the phlogiston theory. When, how- 
ever, the brilliant French chemist, Lavoisier 
(17-43-94) demonstrated, about 1785, by actual 
experimental methods that combustion was a 
combination of a substance with oxygen, he laid 
the basic groundwork of modern chemistry and, 
in u very particular sense, analytical chemistry. 
Indeed he can with considerable justification be 
called the “father” of analytical chemistry be- 
cause of the great emphasis he placed in all experi- 
mental work on quantitative measurement. It is 
in this very necessary characteristic of the true 
analytical chemist that he differed from Priestley 
(1733-1804), the discoverer of oxygen. Priestley, a 
clergyman forced to flee from Birmingham, Kng 
laud, to America because of his unorthodox politi- 
cal and religious views, was more of a philosopher 
than a scientist. 

The first problem to engage the interest of most 
chemists was to determine as exactly as possible 
the composition of the earth. Greater emphasis 
was perhaps placed on chemistry than on physics 
at this stago in the evolution of the natural sci- 
« Mces -yet the contributions of such scientists as 
Avogadro, Boyle, and Charles all had a direct 
bearing and, therefore, great usefulness in analy- 
sis. Avogadro’s Law, for example, is extremely 
important in the chemistry of gases, because it 
serves as a basin for relating weight to volume. 
Indeed it is not an overstatement to say that dur- 
ing the 18th and most of the 19th century, the 
chemistry that did exist was largely analytical 
chemistry. The pinnacle of ambition of most 
chemists at that time was to be a highly successful 
analyst. Any study of the chemical literature of 
this period shows a preponderance of titles related 
to analytical chemistry. 

This so-called “industrial revolution” took 
place largely in the latter half of the 19th century. 
Many beginnings (modest at first) were made in 
the industrial manufacture of numerous items con- 
sumed in the household wrhich w'erc traditionally 
produced in the home or not at all. The raw ma- 
terials in such manufacturing operations consisted 
chiefly of chemicals. 

The processing and dyeing of textiles, the pro- 
duction of glass, leather, soap — these are merely 
four examples (many others could be quoted) of 
o|H*rations that moved slowly out of the home 
and into the factory. Slowly, but surely, this 
trend built up a demand for modest changes for a 
limited number of chemicals. Except for the natu- 
ral dyes and tanning extracts, most of the in- 
dustrial chemicals produced in this area were 
inorganic in nature, principally alkalies, mineral 
acids, etc. 

The relatively small chemical manufacturing 
plants producing such chemicals as alkalies, sul- 
furic acid, etc., indeed, some of the factories mak- 
ing consumer goods and employing chemicals in 
the. processing, soon found it desiraUcf to employ 


SO 

what was most frequently referred to os a “works 
chemist.” llis duties consisted largely of perform- 
ing routine tests to determine the quality of the 
raw materials coining in, so to speak, the back 
door, and the finished goods going out the front. 
In nearly every instance the “works chemist” 
reported to the factory manager. The analyst’s 
prestige within the organization was largely that 
of a technician, ratlin than a person considered 
to be professional 

The “works chemist” or analyst of this era was 
concerned almost exclusively with two branches 
of analytical chemistry, namely, qualitative 
analysis and quantitative analysis. In qualitative 
analysis, interest is directed to determining the 
constituent parts of a given product, without any 
effort to determine the quantitative relationships 
of these parts Quantitative analysis, on the other 
hand, as the term very definitely indicates, is 
directly concerned not on)\ with determining the 
constituent parts, but how much of each is present . 

The unuhst and the “works chemist” of the 
18th and 19th centuries depended almost entirely 
on what are frequently defined today a** the classi- 
cal methods of auah'is, namely, gravimetric 
analysis and volumetric analysis Gravimetric 
analysis is based on methods of determining the 
weights of the respective constituents of a prod- 
uct, whereas volumetric anal \ sis is based «n vol- 
umes rather than weights, the volumes being dr* 
termined by a process known as titration that L 
the determination of the strength of acid and 
basic solutions. 

The plight of the so called “wanks chemist” 
during the industrial revolution was not the soli* 
reason for the decline in the glamor and prestige 
of the analyst in the early days of the science of 
chemistry. 

Following a logical sequence of events, it is not 
at all strange that the chemist , having taken natu 
ral substances apart in order to determine their 
constituent elements, would then begin gradually 
to think about synthesizing in a test tube, at least 
some of the useful things found in nature. The 
next logical step, of course, w'as to begin to think 
about producing things not found in the natural 
state. Thus we hud an evolution of research, prin- 
cipally in organic chemistry, directed toward 
synthesizing old or new compounds, chiefly the 
latter. 

About halfway between World War I and World 
War II, the analytical chemist gradually began to 
experience a renaissance in hito status with other 
members of the profession amt with management . 
Quality became a very important factor in ever- 
increasing competitive markets. With this wel- 
come change there came a demand for more rapid 
and more accurate methods of analysis. This de- 
mand led to a tremendous amount of research 
related to the broad field of analysis. New scien- 
tific concepts were introduced, many of them 
based on what might be called physical chemistry. 

The so-called classical gravimetric and volu- 
metric methods have by no means been superseded 
by physical chemistry und physical methods. 
Instrumental analysis as it is known today supple- 
ments rather than supplants the so-called dassi- 
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cal wet methods. Such terms as colorimetry, 
spectrophotometry, infrared spectrophotometry, 
Raman effect, fluorimetrv, spectrograpliy, x-ray 
spectrography, x-ray diffraction, radiometric 
methods, polargraphy, etc. are in common usage, 
and a very part of the analytical work now per- 
formed is through the use of instrumentation 
Indeed, modifications of many of these instru- 
ments are now being moved out into ad ual manu 
factoring operations in order to provide continu- 
ous analyses. 

One of the more modern developments iu the 
field of analysis is that of inicroannlysis, employed 
where; the size of the samples is considerably 
smaller than is used in the type of analysis some- 
times defined as macroanalysis. Today quite a 
number of analysts are directly concerned with 
what is frequently defined as trace analysis. The 
determination of very low concentrations is often 
of great, importance in maintaining high quality 
of produet. A wide variet\ of new techniques have 
been developed to meet this need. Another field 
currently receiving greater attention is the matter 
of scientific w PI .pt;ng Certainly no method of 
analysis, no matter how accurate, will give a 
proper perspective if the sample employed is not 
reasonably representative of the whole. 

Today the research analyst iu the chemical 
process industries is .in honored member of the 
“team.” The use of this term has become rather 
widespread to describe the modern “team ap- 
proach ” to the discovery, development, and full- 
scale production of new products. Thus the wheel 
of fortune for the anal\st has made a complete 
circle 

VVWiTER J. Ml Ill'll v 

Analytical Chemistry of ltudioucti\c 

Klein cuts 

Analytical chemistry has been given tremendous 
emphasis by the advent of atomic energy. Three 
factors arc responsible: (1) the need for determin- 
ing traces of many elements in high-purity ura- 
nium; (2) the need for separation ami characteriza- 
tion of the many isotopes resulting from nuclear 
fission; and (3) the availability of radioactive 
isotopes which could be utilized as tracers for 
studying analytical processes. 

Uranium was considered a rare metal until the 
adve.nt. of the Manhattan Project. Since that time, 
it has been intensively studied and there arc mou 
data available on the analytical properties of 
uranium than on any other element. In addition 
to analysis for uranium itself, the high purity re- 
quirements for reactor uranium mean that suitable 
methods must, be found for determination of 
traces of almost all the known elements in a ura- 
nium matrix. The small concentrations of impuri- 
ties have required that most of the determinations 
be carried out instrumentally after suitable chem 
ical separations. Therefore, basic research has 
been carried out on emission and absorption 
spectra, electrode potentials, diffusion potentials 
and many other physical properties of most of the 
known elements. 

The advent of atomic energy has brought several 
new elements into being, especially the trans- 


uranic elements. The requirements for analysis 
of small quantities of these elements have brought 
improvements in many microchemical techniques, 
particularly in physical chemical methods. The 
periodic analogy of the transuranic elements to 
those previously known could yield only qualita 
tive conclusions, and quantitative measurements 
were required on many properties, such os redox 
potentials and solubilities. 

Seaborg in 1946 described chemical analyses 
involving only 0.1 microgram in volumes as small 
as 10 6 ml, and physical measurements were made 
on quantities of the same order. Although larger 
amounts of these elements are now available, the 
high toxicity of several isotopes still limits the 
amounts handled to the microgram range. 

The mixture of fission products, largely the more 
common elements plus the rare earths, offers a 
large source of radioisotopes for chemical ic-eiirch. 
This, in turn, requires the development of methods 
for separating the individual elements. The tech- 
nique- are largely those of analytical chemistry, 
since clean-cut, small-scale separations are re- 
quired. While the standard precipitations and 
solvent extractions have proved quite valuable, 
the ion-exchange column with synthetic resins 
lias been a major tool. The preferential absorption 
and elution of various elements in different media 
has given remarkably sharp separations of even 
individual rare earths 

Radioactive tracers have been a particular boon 
to flu* analytical chemist for the development of 
new methods and the testing of old ones. In many 
of the older procedures tested with radioactive 
tracers, it. has been found that correct results had 
been obtained only by compensating errors. 
Tracer met hr* is have show r n the exact contribution 
of all the faci ns concerned. 

Radioactivity has three other major applica- 
tions: radiometric analysis, activation analysis, 
and the isotope dilution technique. In radio- 
metric analysis, the element to be determined is 
precipitated with a radioactive reagent. The 
classic example is the precipitation of traces of 
chloride with Ag no . The minute quantity of radio- 
active silver chloride may be collected by copre- 
cipitation with ferric hydroxide and counted. 

In activation analysis, a sample is subjected to 
neutron irradiation in a nuclear reactor. Traces of 
certain elements j«my then be determined from 
the radiochemical properties of the isotopes pro- 
duced. Another widely accepted technique is that 
of isotope dilution, where a known amount of a 
radioisotope of the element determined is added 
to the original sample. When the final precipitate 
is collected and weighed, the measure of its radio- 
activity compared to the added activity gives the 
yield of the chemical process and therefore allows 
determination of the total amount of the element 
initially present. 

A corollary of the isotope dilution procedure is 
applied to analyses for traces of radioisotopes. In 
this case, the minute quantities cannot be handled 
and may even give deviations from expected 
chemical behavior. Hjr dilution with a known 
amount of an inactive isotope of the element 
sought, these difficulties may be avoided. If the 
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final quantity of the element is measured, such as 
by weighing a precipitate, the per cent recovery 
of the process may be estimated. This factor may 
be applied to the measured activity of the product 
to calculate the total radioisotope initially pres- 
ent. 

The atomic energy program has also made 
available many stable isotopes in pure form as nn 
offshoot of its isotope separation studies. The 
utilization of stable isotopes has been less spec- 
tacular than that of the radioisotopes, but is still 
important. The spectral shifts given as isotopes 
of different mass are substituted in a compound 
have aided the analyst in assignment of infrared 
absorption bands to specific molecular groupings. 
Fortunately, isotopes of carbon, hydrogen, oxy- 
gen, nitrogen and other light elements are avail- 
able for these studies. 

Atomic energy has presented the analytical 
chemist with new problems and also with new 
tools, lloth of these have promoted the rapid ad- 
vance of basic research in analytical methods, 
and have opened many new' fields of develop- 
ment, as well as making possible accurate evalua- 
tion of older methods. 

J. H. Harley 

Cross -references: (gravimetric Analysis, Spec 
t rosea py (Optical), Spectrophotometry , Chroma f oy - 
raphy, If adioact icily, Fission ( Nuclear ), Chemistry. 
History 


ANESTHETICS 

Anesthetics are agents which, when suitably 
applied, cause a general or localized loss of feel- 
ing or sensation. General anesthetics exert their 
action on the higher nerve centers and. produce 
involuntary loss of consciousness. When a suitable 
agent is applied to peripheral nerve endings (topi- 
cal anesthesia), bv infiltration into the nerve fiber 
(intra-neural anesthesia), around the nerve sheath 
(para-neural anesthesia), or into the spinal canal 
(intra-spinal anesthesia) at various levels, a loss 
of sensation is produced within a restricted or 
readity predictable large segment of the body. This 
type of anesthesia is called local, block or regional 
anesthesia. It does not produce loss of conscious- 
ness but effectively prevents the transmission of 
certain kinds of pain sensations from any region 
which lies farther from the brain than the site of 
application of the anesthetic agent and which is 
served by the anesthetized nerve. 

General anesthetics may be classified according 
to their physical properties as volatile (gases or 
low boiling liquids) and nonvolatile (high boiling 
liquids and solids). Several chemical classes are 
either potentially or practically valuable as gen- 
eral anesthetics. These include the following use- 
ful individuals. 

Hydrocarbons. Gaseous and volatile members 
of the aliphatic series, while potentially anes- 
thetic, have such a low degree of activity that ef- 
fective concentrations produce dangerous anoxia. 
None has been found useful. 

Cyclopropane or trimethylene may be made from 
propane by chlorination, fractional separation of 


1,3-dichloropropune, b.p. H9 a (\ from other iso- 
mers and cyelization with zinc in the presence of 
iodide to yield the hydrocarbon. It was first used 
as an anesthetic in 1929. The anesthetic grade is 
not less than 99% by volume of . It is soluble 
in 2.7 parts of water at 15°( i and is freely soluble 
in fatty oils. It is marketed in cylinders of com- 
pressed gas which must comply w ith the standards 
described in the United States Pharmacopeia. It 
is highly flammable and forms explosive mixtures 
with air or oxygen. One distinct physiological 
advantage is that it exerts its anest belie action in 
the presence of substantial proportions of oxygen. 
Anesthesia is quickly achieved and consciousness 
rapidly recovered when the administration is 
stopped. 

Ethylene. The chemical was described as early 
as 1795 but its anesthetic properties were not re- 
ported until 1923. The classical synthesis is 
achieved by the dehydration of ethanol with con 
centrated sulfuric acid at about 1N0'(\ Phosphoric 
acid may be used in a similar reaction as well as 
the dehydration of ethanol over aluminum oxide 
at 360 u <\ Large quantities of ethylene result from 
catalytic cracking of petroleum. Medicinal grade 
ethylene is marketed as a compressed, liquefied 
gas in steel cylinders. It must comply with the 
standards described in the United States Pharma 
copeia. At atmospheric pressure it is soluble (1:4 
v'v) in water at O’U and (1:9 v/v) at 25 f, U; it is 
very soluble in alcohol and in ether. It forms e\ 
plosive mixtures with air or »x>gen but can be 
administered under suitable safeguards with sub 
st nut ini volumes of oxygen. Anesthesia is quickly 
induced and recovery i* rapid. 

Killers. Ethyl ether was discovered as early as 
1541) but its first recorded use as a surgical anes- 
thetic w'as in IS 12. Anesthetic grade ether contains 
99 9S% of CHa-Glla'O-rHa-Ulli , the remainder 
being a mixture of alcohol ami water. It is mar- 
keted as a colorless liquid, boiling point 35°(\ in 
tight containers. It should lie used promptly after 
the container is opened before any substantial 
amount of ether peroxide may form. This toxie 
and highly explosive oxidation product of ether 
results when ether is exposed to air and light for 
any considerable time. The medicinal grade of 
ether must meet the tests described under that 
title in the United States Pharmacopeia. 

Vinyl Ether resulted from a calculated effort to 
prepare a general anesthetic having many of the 
physiological properties of ethylene and ether. It 
was synthesized and pharmacologically tested in 
1930. The product is marketed as a liquid, b.p. 
28-31 °C which comprises about 96% vinylether 
and about 4% anhydrous alcohol. A trace of an 
antioxidant preservative is permitted. 

Other ethers which are analogous to or iso- 
meric with other have been used experimentally, 
among these may be mentioned methyl ethyl 
ether, mcth/I propyl ether, methyl cyclopropyl 
ether, ethyl cyelopropyl ether. None of these has 
achieved wide use. 

Halogenatcd Hydrocarbons containing one 
or two carbon atoms and one or more atoms of 
chlorine have potential and practical anesthetic 
activity. All of this group are characterized as 
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toxic when administered over a long period or for 
repeated shorter periods. The find of this group 
to he used was chloroform. 

Chloroform was first prepared in 1832, but its 
use as a general anesthetic dates from 1847. The 
marketed product is 99 to 99.5% pure with alcohol 
as the permitted impurity. Chloroform boils at 
about 61 °C and is nonflammable and non explosive. 
The periods of induction and recovery are short. 

Ethyl chloride was prepared in 1845 and achieved 
its first use as an anesthetic in 1847-1848. Ethyl 
chloride is a gas at ordinary room temperature 
and pressure (h.p. 12 13 U C). It liquefies under 
relatively low pressures and is frequently mar 
keted in specially designed glass ampuls with a 
valve for withdrawal of the liquefied substance. 
In this way a stream of liquid may be directed on 
tissue to anesthetize it by lowering the tempera- 
ture. Ethyl chloride, and its bromine analog, are 
sometimes used as inhalation type general anes- 
thetics. Induction and recovery are rapid. Ethyl 
chloride is flammable. 

Trichloroethylene was prepared in 1864 but was 
first used as an analgesic and general anesthetic 
about 1933 to 1934 It is a colorless liquid (in com- 
merce sometimes coloied blue with an approved 
medicinal dye) boiling at NS°(\ ii is not flammable. 
Induction and recoven periods are short . 

Hnlot/fnohd alcohol. Alcohols containing one 
hvdro\yl group and short hydrocarbon chains are 
potentially anesthetic, but their potency is largely 
increased by replacement of several of the hydro- 
gen atoms of the hydrocarbon chain with chlorine 
or bromine. The bit ter is particularly' effective and 
is exemplified in tribromoethanol. 

Tribrnmodhanol is a low melting (79-S2°0) 
crystalline compound. The substance is somewdial 
soluble in water but is usually' marketed as a solu- 
tion in tertiary amyl alcohol (ainvlene hydrate) of 
approximately I g in 1 ml of solution. The solu- 
tion is suspended in warm water and administered 
as a retention enema. It is recommended for use 
as a basal anesf hetie and when complete lutcsthesiu 
is desired, it is usually supplemented \^th an in- 
halation type of general anesthetic. 

Nitrous oxide was first prepared by J. B. Priest- 
ley in 1772. Its anesthetic properties were observed 
by Humphry' Davy about 1799 1800 bul it did not 
achieve use in surgery' until after the dramatic 
failure of a public demonstration by' H. Wells in 
1845 had called the attention of dentists and sur- 
geons to its possibilities. It is usually prepared by 
the thermal decomposition of fused ammonium 
nitrate at about 240 U C\ 

The gas is freed from possible contamination 
with titric oxide (NO) by passing it over iron pow- 
dei and is then compressed and cooled in three 
stages to a liquid. The liquefied gas is marketed in 
steel cylinders. It is required to Ih» not less than 
95% pure N*0 with the allowable impurity' being 
nitrogen. It must be administered with some oxy- 
gen or air to avoid auoxia. It produces rapid anes- 
thesia and the recovery period is equally short. 
It is not suitable for prolonged anesthesia nor for 
surgery which requires profound relaxation. 

Barbituric acid derivatives . When administered 
in the usual manner by mouth and in therapeutic 


doses, the derivatives of barbituric ucid are seda- 
tive and hypnotic but not. anesthetic. However, 
when the soluble salts of these compounds are 
administered intravenously, they produce typical 
anesthesia. Many of these barbituric acid salts 
have such a prolonged action that they are not 
usable for anesthetics, since one of the desirable 
properties is that the anesthetist should have rap- 
idly' adjustable control over the depth and dura- 
tion of anesthesia. Those barbiturates which act 
promptly' and are destroyed in the body rupidly 
make useful general anesthetics. Among those 
which arc frequently used for this purpose are 
some which contain a sulfur atom in the place of 
C 2 -oxygen and others which have a methyl group 
in place of the Ni-hydrogen. 

Local Anesthetics 

It has long been know'll that lowering the tem- 
perature of a portion of the body will make the 
perception in pain originating in the urea of low- 
ered temperature less apparent. Likewise, it is 
know'll that pressure applied to a nerve fiber or 
trunk will interfere with the transmission of pain 
impulses originating peripherally to the site of the 
pressure. The first principle is still occasionally 
used to produce local anestheisa. Advantage is 
taken of the low temperatures produced by' the 
vaporization of such compounds as ethyl chloride, 
ether and solid carbon dioxide to produce local 
anesthesia in restricted segments of the bodv. 

The beginning of the modern period of local 
anesthesia by plnsiologicully active compounds 
can be traced to the isolation and characterization 
of the alkaloid cocaine. This alkaloid was iso- 
lated from the loaves of Erythroxylon coca by Nie- 
mann in 18bu Its local anesthetic effect on the 
tongue was ne f »d by Wohler. Its use in surgery 
dates from the work of Koller who, in 1884, de- 
scribed the use of cocaine in surgery of the eye, 
nose and throat. Koller also used cocaine by in- 
filtration techniques. (See AIIuiIouIm). 

A systematic investigation of the chemical na- 
ture of cocaine led to its synthesis by Willstatter 
in 1902 anil to the development of a large number 
of synthetic compounds which have valuable local 
anesthetic action, for example, the procaine group 
(Novocaine). As a result of much work relating to 
the chemical constitution of cocaine analogs and 
local anesthetic activity, a number of general rela- 
tionships were traced. It was found that alkyl 
t sters of aromatic acids such as benzoic and 
naphthoic acids had potential local anesthetic 
activity'. This is enhanced by the presence of sub- 
stituent groups in the aromatic ring such as alkyl, 
amino, hydroxy, alkoxy and alkylthio. Isosteric 
compounds such as substituted amides and 
amidines, as well as thiucarboxylic esters and 
urethanes retain the anesthesiophore. 

Many of the simple nlk.vl esters of aromatic 
acids were only useful as topical anesthetics, since 
their water solubility' was too low to permit their 
use in parenteral solutions. It was found that the 
inclusion of a tertiary or secondary aliphatic or 
cycloalky'lamine in their structure made it possi- 
ble to prepare water-soluble salts with acids which 
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could be administered by parenteral pathways. 
This was also possible in the ease of amides, thio- 
earboxylic esters and urethanes. Amidines which 
were of moderately high molecular weight are 
sufficiently basic to form salts which can be dis- 
solved and used. A large number of individual 
compounds have been synthesised and a consider- 
able number have been marketed. 

Some of these compound*, like cocaine, are ef- 
fective when applied topically or parenterally. A 
number are poorly active topically but adequately 
effective w r hen injected. Many experimental com- 
pounds are rejected because of their locally irri- 
tant effects or systemic toxicity or both. Other 
compounds which, structurally, are potentially 
local anesthetics have found their greatest clinical 
use for other effects such as antispasmodics. 

The local anesthetic effect of quinine salts and 
Kucupin (i*oamylhydroeupreine) should be men- 
tioned. Both quinine hydrochloride, rendered 
more soluble with urea, and Kucupin have been 
used w r here local anesthesia of long duration 
was desired. 

A number of simpler compounds such as Ohlor- 
butanol (1,1,11 rich loro 2 mcthylpropanol 21 , 
benzyl alcohol and salic\l alcohol have mild local 
anesthetic effect* when topically applied to 
mucous membrane 

G. L. Webstjsh 

Cross-references: Efhtrs, Oxides, Alkaloids 


ANHYDRIDES 

The term “anhydride” means “without water.” 
Thus an acid unhydride is a compound that lacks 
the water necessary to make it become an acid. 

Inorganic Anhydrides 

Oxides, usually those of nonmetals, that react 
with water to form acids are called acid anhy- 
drides or acid oxides. Sulfur dioxide (S0 8 ), carbon 
dioxide iC() 2 ), phosphorus pentoxide (P 2 O*), and 
sulfur trioxide (S()i) are examples of sueh oxides. 
SO, -I- HO -♦ HjH0 4 and 1V>, 4 - H/) -> 2IIPO, 
are typical reaction* of acid anhydrides with 
water to form acids. 

Oxide*, usually those of metals, that react with 
water to form bases are called basic anhydrides 
or basic oxides. Calcium oxide (CaOj, sodium 
monoxide (Xa 2 0), and chromous oxide (CrO) are 
examples of sueh oxides. The reaction CaO + 
HsO — > Ch(OII)* (the slaking of lime) is one of 
the most definite examples of the reaction of a 
basic anhydride with water to form a base. It is 
obvious that a rather limited definition of the 
terms acid and base is assumed in this description. 

For some metals that have several states of 
oxidation, chromium and manganese being the 
most common examples, the oxides in which the 
metal has the lower oxidation values are basic 
anhydrides; the oxides in w T hich the metal has 
intermediate value are amphoteric; and the oxides 
in which the metal has higher oxidation values 
are acid anhydrides. The explosive compound, 
manganese hept oxide (Mn tO/), and manganese 
trioxide (Mn() 3 ), which has doubtful existence. 


are acid anhydrides that form the |>ermuiigniiutc 
ion (Mn0 4 “) and the inanganutc ion (MnO; ), 
respective! y, when they reaet with water. Man- 
ganese dioxide (Mn() s ) is somewhat amphoteric. 
Manganese sesquioxide (Mn>()i) and manganous 
oxide (MnO) are Imsie anhydride.*. In these live 
oxides, the oxidation number of the mungunc*e i* 
respectively 7, 6, 1, 3, and 2. A similar pattern 
exists for the oxides of chromium. Chromous oxide 
(CM)) is a basic anhydride, and chromium triox- 
ide (C M)j) is an acid anhydride. 

Organic Anhydrides 

Organic anhydrides seem to have been made by 
combining the residue of twro carboxyl (-COOIl) 
radicals by means of an oxygen atom when water 
is eliminated between the tw r o carboxxl radical.*. 
Thus tw T o molecules of acetic acid form acetic an- 
hydride. A molecule of water i* eliminated from 
twro molecules of acetic acid. The use of anhy- 
drous calcium sulfate (CaSOi) aids the dehydra- 
tion. Anhydride* generally hydrolyze slowly in 
cold water, more rapidly in w T arm water, and read- 
ily in alkaline solution 

.Ireffr anhydride, boiling point 13*) <i (\ is b\ tar 
the most important of the organic acid anhydride* 
It it an aliphatic anhydride that i* chaiacteii/ed 
by a sharp penct rating odor Product ion each \ ear 
in the United States i* 111 the order ol tine half 
million tons. Synthetic method* are u-ed 

Acetic anhydride i* u*ed to intmduee the ace- 
tate radical into organic compound*, and i* called 
an neety lating agent. About thiee fouith* of the 
acetic anhydride made i* used to make cellulose 
acetate Cellulose acetate in tin 11 i* used to make 
fibers (“(Vlanese,” “Acclc,” etc ), plastic*, 
photographic film*, and transparent wrapping 
sheets. Acetic anhydride heated with saliewlic 
acid (CJI4- -OH— COOIT) form* acctylsulicvlic 
acid (aspirin). In general, alcohol* react with 
acetic anhydride to form an ester ami acetic acid. 
For example: C 2 H*OH + (CH*CO)»<> — > (’IT, 
COOCoIl, + CHnOOOH. 

Phthalios anhydride , a colorless solid, nielling 
point 130.8°C, is the leading aromatic anhydride 
Its annual production in the United State* ex- 
ceeds 100,000 tons, and it is about one fifth of the 
weight of acetic anhydride produced annually It 
is the anhydride of e-benzenedienrho.xylic acid. 
Commercial manufacture is carried out by care- 
ful partial oxidation of naphthalene (CmllO in 
the presence of vanadium pent oxide (V 2 O 6 ) as a 
catalyst. An anhydride of a polybasic acid, it 
polymerizes with polyhydroxy alcohols and form* 
resins of the alkyd type. 

Glycerol [OsHft(OH) 3 l and phthallc anhydride 
form the well-known thermosetting “Glyptal” 
resins known for their resistance to electricity 
and their use in paints and other surface coatings. 
Phthalio anhydride is also used to make phthalate 
plasticizers, anthraquinone, phthalamide, an- 
thranilio acid, phenol phthalein, xunthenc dyes, 
and benzoic acid. 

In a manner similar to the oxidation of naph- 
thalene to yield phthalic anhydride, the controlled 
ealalytic partial oxidation of benzene yields 
maleic anhydride, another cyclic anhydride. 
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Maleic acid (COOII (Tr--CH COOII) i.s 
changed to maleic anhydride hv heating. In this 
reaction the ring is closed by means of an oxygen 
atom. Such ring formation takes place when the 
two carboxyl (— COOII) groups are separated by 
two or three carbon atoms. Malonie acid (COOIf- - 
CHaOOOll) forms no uulndridc of this tvpe, 
but merely heating succinic acid (COOli 
(ML (HI* - COOII) changes it into succinic an 
hydride., thus forming a ring compound. Maleic 
anhydride is used to make alkyd resins. 

Kl.RF.RT (!. W KAVF.lt 

C '.roHs -references : Acids, liases. Os id is 


ANNEALING 

Annealing is the process h\ which uncontrolled 
strains are removed from glass or metal products 
In the manufacture of glass, articles are shaped 
from the viscous liquid b\ pressing, rolling, draw 
ing, blowing or casting During this forming proc 
e*s the material is cooled lapidly and irregularh 
so that large temperature gradients are present m* 
the viscosity incucsscs and the liquid becomes a 
ligid solid. In the liquid, any -1 rains caused by the 
forming operation disappear very quickly, so that 
t lie article is essential! \ lice fiom strain when it 
lnM become-’ solid. In this inspect, glass products 
difler from many metal articles in which strains 
<lue to such forming operation* a* stamping, draw 
ing or spinning must be removed by annealing 
However, whim the temperature gradients exist 
ing in the newly formed solid glass disappeai 
through its cooling to the ambient factory tern 
perature, stiain* are created by the unequal con 
traction of difTerent parts. In general those parts 
of the glass article which cooled slowest contract 
most after solidification, and are thiown into 
tension, while those parts which cooled fastest 
contract less and are compressed by the rest of the 
glass. 

(5 lass never breaks because of compressive 
stress, but the parts which are under t/nsion are 
quite unstable. Even if the piece survives cooling, 
it is likely to lly into bits at the least touch upon 
a sensitive tension surface. Fortunately, surfaces, 
particularly outside, surfaces, tend to cool first 
and consequently are often in compression, so that 
unannealed gluss articles may appear quite strong 
until a sensitive tension spot is touched. Indeed, 
as we shall see later, cont rolled disannealing of glass 
may bn employed to increase its strength and 
serviceability. 

In sheet glass, which must be cut into panes for 
glazing purposes, strains even of a compressive 
nature are quite unacceptable, since cutting is 
really a cracking operation anil strains cither pre 
vent the crack from running or cause it to stray 
from the desired course. Also - trains in Hat glass 
result in warping which itself prevents satisfac- 
tory cutting on a flat table. 

Strains are present not only in newly formed 
glass articles, but also in articles which are re 
heated in spots for any reason, if tho reheating is 
sufficient to soften the glass, even though the 
articles may have been previously well annealed. 


Such operations as lire polishing, reshaping, and 
sealing require subsequent annealing. 

Sometimes the term “tempering” is used to 
mean annealing, but it actually means the process 
of controlled disannealing. Annealing may be 
either a batch or a continuous operation. In the 
earliest times, glass articles were placed in a rham 
her above the melting furuuee to equalize the 
temperature and cool them slowly Later, batch * 
ovens were built for tho purpose, some of which 
are still used, particularly for large or thick pieces, 
which require very slow cooling, and for optical 
glass, which also requires extended heat treat- 
ment. 

However, most glass is now aiiiieuled in a con- 
tinuous oven called a “lehr” which has the. form 
of a long narrow tunnel. Pressed and blowm arti- 
cle's are carried through the lehr on some sort of 
conveyor or belt, while flat glass passes through 
on tollers in a continuous sheet as it is produced 
bv drawing or rolling. Where the glass is drawn 
vertically, a- in the Fourcault process, the lehr 
is necessarily vertical and is therefore of limited 
length. In any ease the lehr i.s provided with burn- 
ers, dumpers, muffles and tem|>eralurc control 
equipment so that glass passing through it may 
be subjected to a predetermined and carefully 
controlled heat treatment to relieve strains. 

In order to observe and measure the state of 
strain in glass to find whether it is well annealed 
« r dangerously unstable, advantage is taken of 
the fact that strain causes a proportional bire- 
Iringcnce in glass. The retardation measured in a 
suitable polariscope gives a figure for the average 
difference in the principal stresses perpendicular 
to the light path when the constant of proportion- 
ality. which known as the stress optical eo- 
illicient, has Uni determined. 

Since the sti.iln in glass is due to the tempera 
tun* gradient existing as it solidifies, strain may 
be praclicallv eliminated by bringing the glass to 
a uniform temperature high enough to rause it to 
behave as a liquid, and then cooling it with as 
little temperature gradient as possible. With 
modern, high-speed production of glass it is ob- 
viously desirable to minimize the time required 
by the annealing step, and this introduces prob- 
lems. At tirst sight it would seem desirable to heat 
the glass to as high a temperature as possible 
without deforming it, in order to relieve the strains 
quickly. However, cooling is possible only by 
'‘stnblishing a temperature gradient which causes 
an immediate temporary strain. In rigid glass 
such temporary strain would disappear when cool- 
ing ended and the temperature become uniform. 
In fluid glass the temporary strain is relieved by 
flow', and a corresponding and opposite strain 
appears w lien the temperature becomes uniform at 
the end of the cooling. lienee to minimize the 
strain reintroduced by the cooling step, it is de- 
sirable that the viscosity be high, that is that the 
temperature be low, and that the rate of cooling 
be slow. Under these circumstances it is obvious 
that there will be an optimum temperature for 
the relief of strain in the annealing process. 

The strain reintroduced in cooling is propor- 
tional to the expansion of the glass and the square 
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of the thickness and inversely proportional to the 
thermal diffusivity and the elastic constant. 
Using these relationships the optimum tempera- 
ture for relieving stress and the optimum cooling 
rate may be found. 

In annealing optical glass, not only must the 
residual strain be very low, but also all parts must 
be given a sufficient heat treatment to render the 
refractive index uniform throughout. This may be 
done by cooling it at a constant rate from a rela- 
tively high temperature at which the equilibrium 
index is reached very quickly by all parts. The 
cooling rate must be slow enough to avoid intro- 
ducing too much strain and must be constant 
through the range in which the index varies with 
time, so that all parts of the glass cool at the same 
rate, the surfaces first and the center l«*t. When 
using this method the index may be adjusted by 
changing the rate of cooling. 

Although annealing is usually thought of as a 
means of preventing glass from breaking, a con- 
trolled disannealing is very effective in increasing 
its strength. If the cooling is arranged so that the 
total surface of a piece of glass is in compression, 
failure can occur only when the tensile stress due 
to a blow or other service condition overcomes 
this compression Of course, the interior of the 
piece w'here the glass is in tension must be free 
from crystals or other defects which might origi- 
nate a fracture. This method of strengthening glass 
is known as tempering or chilling. 

C\ 11. (i KEENE 
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ANTIBIOTICS 

Definition. Antibiotics arc chemical substances 
produced by microorganisms; in dilute solution, 
they have the capacity to inhibit the growth of 
and even to destroy other microorganisms. Numer- 
ous attempts have been made, unjustifiably, to 
broaden the definition of antibiotics so as to 
include antimicrobial substances of plant and 
animul origin, on the one hand, and synthetic 
material, on the other. 

Antibiotics are produced by various groups of 
microorganisms, particularly bacteria, fungi, and 
actinomycetPH. The ability to produce antibiotics 
is characteristic not of the genus, nor even of the 
species, but of strains of particular organisms. 
Among the actinomyeetes, as many as 50 |>er cent 
of all cultures isolated from the soil are able to 
produce antibiotics when grown on suitable media 
and tested under favorable conditions. Identical 
antibiotics are sometimes produced by different 
species. Some species are able to produce more 
than one antibiotic. 

Specific media and special conditions of cultiva- 
tion are required for the production of antibiotics. 
Most of the media favorable for antibiotic forma- 
tion contain complex organic substances. 

Antibiotics vary greatly in chemical nature, 
physical properties, selective, activity upon bac- 
teria and other microorganisms, toxicity to ani- 
mals, and in vivo activity. The selective action of 
antibiotics is spoken of as the antibiotic spectrum. 


Some microbes are sensitive to a given antibiotic, 
and others are resistant. The degree of sensitivity 
is qualitative and quantitative in nature. Some 
are active largely upon bacteria and some upon 
fungi, others are active on both hucteria and 
fungi. Still others are also active upon the larger 
viruses. Some are active upon protozoa. Some 
antibiotics have found extensive application as 
chemotherapeutic agents in the treatment of 
numerous infectious diseases in man, animals, 
and plants. 

Historical background. The ability of certain 
microorganisms, especially bacteria and fungi, to 
inhibit the growth of other microbes 1ms been 
known since the latter part of the last century. 
The activity of green molds, belonging to the 
genus Pcuicilliuni, upon various bacteria has been 
known since 1874. This is also true of the effect of 
various non spore-forming and spore forming bac- 
teria upon other bacteria, including disease 
producing organisms. Attempts were made to 
utilize the products of such microorganisms in the 
treatment of various infectious diseases, including 
tuberculosis. A degree of success was attained 
with certain bacterial preparations, such as 
pyocyanase, and with certain mold preparations. 
The results were not sufficiently clear, however, 
to justify broad generalizations. 

In 1939, It. Dubos isolated from a spore-forming 
soil bacillus certain polypeptides, described as 
gramicidin and tyroeidinc (t\ rot brie in), which 
were found to possess remarkable antimicrobial 
properties and were active both in vitro and in 
vivo. These could be used in the treatment nt 
certain infectious disease*. This discovery was 
soon followed (1940) by Florey ami Chain’s study 
of the formation of penicillin (originally observed 
and named by Fleming in 1928) h> a culture of 
Peninlhum nutation , and Waksman ami Wood- 
ruff’s isolation, the same year, of actinomycin, the 
first true antibiotic producer! by a culture of an 
actinomyces. 

The throe major groups of antibiotic-producing 
organism:, were thus recognized. These sub- 
stances have found extensive application in the 
treatment of numerous infectious diseases. Their 
discovery has led to tremendous developments in 
the field of chemotherapy and produced a revolu- 
tion in medical practice They have also found 
extensive application in veterinary medicine, in 
the treatment of certain plant diseases, in un- 
imal feeding, ami in the preservation of various 
biological materials. 

These antimicrobial substances were first desig- 
nated as lysins, toxins, antibacterial agents, bac- 
teriostatic and bactericidal suhst inces, lethal or 
staling principles. The word antibiotic was first 
used in this sense by Waksmun in 1942. 

Production. The most important groups of 
antibiotic-producing organisms are the bacteria, 
lower fungi or molds, and actinomyeetes. Members 
of the genus Hacillus, among the spore-forming 
bacteria, and of the genus Pscudomonus, among 
the non -spore formers, uro extensive producers of 
antibiotics. Among the fungi, the genera Penicil- 
lium and Aspergillus are particularly important ; 
the ability to produce penicillin belongs to a few 
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strains of certain species of these genera. Other 
strains and even other groups G f lllo j c j s , nav j M . 
able to produce penicillin-like substances, but the 
yields are so low that they cannot be considered 
on a par with the important commercial producers 
Formation of streptomycin and of other important 
antibiotics is characteristic of certain species of 
Streptomyces. 

Some microbes are capable of producing more 
than one antibiotic Pseudomonas aeruginosa pro 
duces pyocyanase, pyocyanin, p>o1ipic acid, and 
certain pyo-compounds Streptomyres gnseus pro 
duces not. only the antibacterial substances strep 
tomyein, 'munnosidostrcptomycin, and grisein, 
but also the antifungal substances actidione and 
candicidin, the anti protozoan agent strcptociu. 
and certain other antibiotics Another act mo 
my ces, Streptomycin f rad we, produces .several 
forms of neomycin, and fradicin. Streptomycin 
rimosus produces oxy tetracycline and rimocidin. 

Some antibiotics have been modified chemically 
to yield substances with somewhat different, per- 
haps more desirable, properties, as in the forma- 
tion of dihydrostreptomycin from streptomycin. 
Only a few antibiotics, notably penicillin and 
chloramphenicol, have been synthesized, chem- 
ically. 

Most of the antibiotics produced by bacteria 
are polypeptides. The most important of these are 
tvrothnein, bacitracin, subtilin, and polymyxin. 
The fungi have yielded only one important group 
of antibiotics, the jieniciHiiis. The other anti- 
biotics of fungi include elavaein (claviformin, 
patiilm), citrinin, viridin, fumagillin, and glad- 
iolie arid. Aetinomvcetes are now known to 
produce neaily 200 compounds or preparations 
that possess remarkable antimicrobial properties. 
These include the actinomycins, the streptomy- 
cins, chloramphenicol, the neomycins, the tetra- 
cyclines, erythromycin, carbomycin, viomvein, 
trichomyein, nystatin, candidin, and numerous 
others. 

Isolation. Once an organism has been selected 
for the production of a particular unt/biotic, the 
next step comprises the development of suitable 
media and of conditions favorable for growtli and 
the production of the antibiotic. The antibiotic 
producing culture is t ransforred through a scries 
of stages from the test tube to small fermenters 
and finally to large tanks. The final stage of 
growth usually lasts 2 to 4 days, when the concen- 
‘t rat ion of the antibiotic reaches a maximum. The 
assay of the concentration of the antibiotic is 
carried out by a suitable microbiological or chemi- 
cal method against a know r n standard. When the 
antibiotic has finally been isolated and purified, a 
registered standard is established by the Anti- 
biotics Control Division of the Food and Drug 
Administration in Washington. 

Chemical Nature. Antibiolies vary greatly in 
chemical composition. Oil the basis of their 
elementary chemical composition they have been 
grouped as follows : 

I. Compounds containing C, H, and O, such ns 
clavocin (C7H6O4). 

II. Compounds containing C, H, O, and N. 
These include such compounds as pyocyanin 


(CiiHi.iO.X s ), streptomycin (CiiH 3 ,OiiNr), and 
actinomycin (C'hHmOjiNi). 

III. Compounds containing C, II, O. N, and S. 
Here belong the penicillins (R—C.IInNjChS). 

IY\ Compounds containing chlorine, including 
chloramphenicol (CnH^N^OftCh) and chlortetra- 
cvcline ((^sHwNjO^Cl). 

\n Li microbial Activities. Antibiotics vary 
greatly in their ability to act upon different groups 
of microorganisms. Some arc active only upon 
bacteria and aetinomyeetes but not on fungi 
Others are active only upon fungi but not upon 
bacteria and aetinomyeetes. Some have a very 
wide Hj>octrum, being active against bacteria as 
well as upon fungi, or upon bacteria, rickettsiae, 
and larger viruses. Others, like viomycin, have a 
very narrow' spectrum, being active onlj r upon 
mycobacteria. 

The antimicrobial spectrum is of great impor- 
tance in characterizing an antibiotic and in de- 
ciding upon its importance as a chemotherapeutic 
agent. Penicillin is active upon cocci and various 
gram-positive bacteria and spirochaeteH, but it 
has little activity against, the gram -negative rod- 
shaped bacteria and the ucid-fast bacteria. Strep- 
tomycin is active against gram-negative and the 
gram-positive bacteria, including those causing 
tuberculosis, but not against fungi and viruses. 
The tetracyclines are highly active against many 
bacteria, rickettsiae, and the larger viruses Some 
antibiotics, like candicidin, nystatin, trichomyein, 
ascosin, and chromin are active primarily against 
fungi. Certain microorganisms are also capable of 
producing substances that inhibit the growth of or 
destroy viruses, including phages and tumor cells. 
Among the antibiotics active upon neoplasms, one 
may include the actinomycins, azaserine, sarko- 
mycin, and c.u/inophilin. 

Mode of \ction and Development of Resist- 
ance. Antibiotics arc largely bacteriostatic 
(grnw'th-inhibiling) agents, although some are 
markedly bactericidal (cell destroying). Some 
antibiotics arc highly toxic to anmuls; others, 
notably penicillin, arc relatively nontoxic. Some, 
like tyrothricin, are hemolytic, others arc not. 
Some are readily absorbed from the digestive 
tract, and others are not. 

Cpon continued contact w'ith a given antibiotic, 
originally sensitive bacteria become resistant to it. 
As a result of this, freshly isolated cultures of 
mierocoeei or staph* loeocci which originally were 
highly sensitive to penicillin may have gradually 
become resistant, largely because of the constant 
use of this antibiotic. Mycobacterium tuberculosis, 
the causative agent of various forms of tubercu- 
losis, originally sensitive to streptomycin may 
develop resistance to it when in contact with it or 
w'hon isolated from patients treated with it. A 
culture of an organism that has become resistant 
to one antibiotic may remain sensitive, however, 
to other antibiotics. 

There is a certain degree of cross resistance 
among certain groups of antibiotics, such as the 
tetracyclines. As a result, an organism made re- 
sistant to chlortetracycline automatically becomes 
resistant to oxytetracyclinc. To overcome the de- 
velopment of resistance, two antibiotics may be 
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combined. A combination of streptomycin and 
penicillin is u.sed in the treatment of certain mixed 
infections. Sometimes an antibiotic is combined 
with a chemical compound, as the sulfa drugs or 
isoniazid. 

Antibiotics us Chemotherapeutic Agents. 
During the last 15 years several hundred anti 
biotics have been isolated. Only about twenty of 
these have found a place as chemotherapeutic 
agents. These include penicillin, streptomycin and 
its chemical derivative dihvdrostreptomycin, 
chloramphenicol , chlortet racy dine, neomycin, 
oxy tetracycline, viomvein, tetracycline, erythro- 
mycin, carbomvein, bacitracin, tyrothririn. poly- 
myxin, nystatin, trichomvcin, and a few others. 

Some of these antibiotics, like penicillin, arc 
used against a large number of infectious caused 
by various cocci, gram -positive bacteria, and 
spirochetes. Others, like streptomycin and the 
tetracyclines, are used against diseases caused by 
gram negative bacteria, such as infections of the 
urinary tract, or those caused by gram-positive 
bacteria that have become resistant to penicillin. 
Some autibioties are specific for certain diseases, 
such as st reptoim cin for tuberculosis, chloram- 
phenicol lor typhoid fever, the tetracyclines for 
tophus fever and other rickettsial diseases. Some 
antibiotics are given by injection, others by 
mouth. Some are used for skin, eye, ami ear infec- 
tions, others for generalized infections 

As :i result, of the introduction of antibiotics, 
most «»f the diseases of childhood have- virtually 
disappeared, many of the infect ions of adults 
have lost their dangerous implications, and t lie- 
average life expectancy of man has been increased 
by 10 to 20 years. Tuberculosis, which only 15 
or 20 years ago was the number one killer of the 
human race is gradually coming under control. 
The effectiveness of antibiotics in the treatment of 
true virus diseases and tumors i.s still uncertain. 

Many antibiotics cause allergic and other re- 
actions. In some patients streptomycin may cause 
dizziness, loss of balance, or loss of hearing. This 
can usually be avoided bv reducing the dosage or 
by combining streptomycin w’ith dihydrostrepto- 
mycin or w’ith certain chemical agents. The tetra- 
cyclines, taken by mouth, may cause nausea, 
development of fungus infections, and certain 
other undesirable reactions. These reactions can 
be largely overcome by switching to another anti 
biotic. 

Antibiotics have found many other applications* 
principally in the treatment of diseases of animals, 
such as mastitis in cattle and various infectious in 
poultry; certain bacterial diseases of plants, such 
as apple and pear blight; feeding of nonherbivo- 
rous animals, and the preservation of biological 
materials, such as virus vaccines and semen 
of animals. 

Manufacture. The manufacture of antibiotics 
has increased from a few dollars a year in 1940 to a 
tremendous industry amounting to nearly a billion 
dollars a year in the U. S. alone. Penicillin is the 
leading antibiotic, streptomycin and dihydro- 
streptomycin take second place, and the tetra- 
cyclines and chloramphenicol third place. Neo- 
mycin, bacitracin, polymyxin, erythromycin, 


fumigallin, and tyrothririn are produced on a 
much smaller scale. The production abroad is 
probably as great as, if not greater than, in this 
country. It is said that nearly 50 i>cr cent of all 
prescriptions sold over the counter in drug stores 
throughout the country are now- made up of anti- 
biotics. 

Ski.m\n A. Wakbman 
Production l»j Fermentation 

In the production of antibiotics by fermenta- 
tion the primary purpose is to obtain the maximum 
>icld of the antibiotic, based on the material 
consumed, and in high concentration. The growth 
of the organism is a secondary matter unless 
growth is directly connected with the yield of the 
antibiotic. 

Penicillin. The lirst antibiotic to be produced 
commercially was penicillin. The organism, 
PeniciUium notation West ling, was grown on the 
surface of the nutrient medium, and relatively 
small yields of penicillin were obtained With the 
development of submerged fermentation. t.he use 
of more satisfactory media for growth of the 
organism, the development of more productive 
strains by carefully selecting the niganism, such 
as the selection of 1 \ n ion , and improve 

ment of strains by mutations induced b\ \ raw 
ultraviolet light., and nit logon mustard, yields of 
penicillin have been increased to 2.000/* per milli 
liter. 

Penicillin may be regarded as a metabolic prod 
net*, but a minor one \ number of other organisms 
also produce it. Penicillin as produced by mold 
cultures does not represent a single compound but 
njther a group of closely related compounds which 
have a common laetarn-thiazolidiiie structure 
with different side chains. Penicillin (« was the 
first penicillin to be isolated, and it possesses 
highly desirable elmraet eristics for recovery, 
purification, and therapeutic use. 

Factors contributing to high penicillin yields 
are adequate, effective aeration, the presence, 
at nontoxio levels, of precursor realized by inter 
mi (tent feeding, preferably phenvlacetic acid or 
some derivative of it, and the use of organic acids. 
Mold growth is directly correlated with penicillin 
yields. The pli of the medium may have n range 
of 4.5-45.0 during growth in the presence of readily 
available nutrients, such as ammonium ions, or- 
ganic nitrogen in corn steep liquor, phosphates, 
and glucose. When the growth of the organism is 
completed, the pH is raised to approximately 7.0, 
and a slowly assimilable carbohydrate, such as 
lactose is made available (Jrowth is minimal, and 
penicillin formation then proceeds. Fermentations 
are carried out. in fermenters of 20,000-30,000 
gallons capacity. Sterile air is necestary. Calcium 
carbonate may be added to control pH during 
growth . 

One of 0«e great advances in the growth of the 
organism resulted from the use of com steep liquor 
which supplies satisfactory nutrients for the or- 
ganism. 

The carbon dioxide of the effluent air from the 
fermenter may be utilized as a guide to tho amount 
of growth and metabolic activity of tho fungus, 



so 

and as a function of I ho amount of aeration sup- 
plied. The amnion i a nitrogen decreases during 
penicillin formation and rises slightly toward the 
end, lactic acid is consumed, the pH rises, the 
lactose disappears, and uutolytic changes in the 
mycelium inay take place. Synthesis of penicillin 
appears to be associated with an unbalance of the 
metabolism. 

Streptomycin. Another group of organisms, 
the Aetinomycetes, contains several important 
species that produce streptomycin, chlorampheni- 
col, Aureomycin, erythromycin, and Terraniycin. 
Several other antibioties produced by Actinoniy 
cetes have achieved importance. In his earl' work 
Waksman used glucose, peptone, beef extract, and 
sodium chloride to grow' Strrptonnjcrx grixrux. For 
large scale production in fermenters soybean meal 
has replaced beef extract and peptone as source of 
nitrogen. Dextrose, distillers’ solubles or corn 
steep liquor, and caleium carbonate are also em- 
ployed, the latter to eontrol pH ; lard oil and other 
fats may replace glucose and starch. Yields are 
said to increase if the histamine like substances 
from corn steep liquor are removed. The us«» of 
aetinophage resistant strains to improve yields has 
been reported’. Dextrose may be replaced by ani- 
mal and vegetable oils. Aeration of submerged 
cultures iH practiced in growing the organism. The 
fermentation falls into two stages. During the first 
stage myeclium is formed; lactic acid increases, 
then deereases, and Streptoimcin formation de- 
velops. The pH rises, accompanied by lysis. 

Chloromycetin. The constituents of the iiu- 
Irient medium for growing Sti i plomycex vtnrzndnt 
n. sp., the organism that produces ehlorainpheni 
eol, in the laboratory are glycerol, meat extract, 
tr\ptoncs, soybean protein, distillers’ solubles or 
molasses and salt. It has been reported that a 
medium containing starch, peptone, and inorganic 
salts gives good results. Phenylalanine, tyrosine 
and methionine are stated to enhance yields of 
chloramphenicol. Aeration and submerged growth 
are practiced. Production of mycelium and (iiloro 
niycetin run parallel. The chemical composition 
and structure of chloramphenicol have been es- 
tablished. It has been produced commercially 
chiefly by chemical synthesis. 

Aureomycin. Aureomycin is produced b> Stnp- 
tomyces aureofanens. Commercially, it is stated, 
corn steep liquor, sucrose, (NH 4 ):1IPD« ,Kll2p0 4 , 
MgS 04 * 7 IIj 0 , traces of Mil, Cu, Zn, and (’aCO* 
•may be employed. The pH of the medium initially 
varie.8 from6.0-6.4, and muv fall to *1 .5-4.8. Media 
containing peanut oil meal or peanut meal with a 
low fat content, 0.2-0.3 per cent (NllJaSOj , and 3 
per cent glucose gave yields of 2300 p/ ml. An addi- 
tion of 0.1% molasses gave further increase. Aera- 
tion and submerged growth are employed. The 
chemical structure of Aureomycin w r as reported in 
3952. 

Terramycin. Terraniycin is a product of 
Streptomyces rimoxus. Information indicates that 
soybean meal, corn starch, N-Z Amine B, NuN<) 3 , 
and Ca(X)s may be used as a nutrient medium. 
Aeration and submerged growth are practiced 
commercially. The pH of t lie nutrient medium is 
adjusted to 7.0 before sterilization and may rise 
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to 8.0. The chemical structure of Terraniycin was 
published in 1952. It was found to be oxytetracy- 
clinc. 

Erythromycin. Erythromycin is a broad -spec- 
trum antibiotic produced by Strcptomyces eryth - 
mix. It is now produced commercially by fermen- 
tation. Its structure has not been elucidated. The 
crystalline compound is stated to have the em- 
pirical composition: ('a»H 7 i tsKOii . The U. S. 
Patent, 2,653,899, to Eli Lilly & Company de- 
scribes the production of erythromycin by fermen- 
tation. It can be produced by submerged fermen- 
tation in a soybean-corn steep glucose medium. 
The range of pH is 6.4 to 7.2. 

Bueii rurin. Bacitracin is produced by a bacillus, 
H. lie hnu fur mix The antibiotic is a polypeptide 
w'hich accumulates in the liquor in which the cells 
grow. Aeration is employed when using submerged 
growth. Surface grow th can be* used when aeration 
cannot be practiced. Soybean or peanut meal, dex- 
trose, sucrose and starch may be employed as 
growth ineori. 

Other antibiotics less widely used are Actidione 
tcyeloheximidc), circulin, fumagillin, magnamyein 
(carbomvcin), neomycin, polymi\in, tyrothricin, 
and viomycin. 

Charles N. Ekev 
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Tin* name antibody implies that a body is acting 
against an introduced substance. The introduced 
substance which generates the antibodies is called 
the antigen. Animals have the ability to resist 
certain infections when they have been previously 
exposed to (bom. The existence of antibodies in 
the blood wa 1 - originally postulated to account for 
this immunit} »•> repeated bacterial infection. 

Antibodies aie serum proteins of the globulin 
fraction ami generally with the physicochemical 
properties of the <> -globulin °f the species produc- 
ing it - In the rabbit and man they have molecular 
weights of about 160, (XX). Antigens are always 
molecules of at least 10,000 molecular weight and 
almost always proteins. How'over, some lipidcs 
and polysaccharides can induce antibody forma- 
tion under certain circumstances. Antigens lose 
their antigenicity when they are administered 
orally and, consequently, they arc injected paren- 
te rally in order to produce antibodies. In general, 
the antibodies produced in response to one antigen 
are specific in that they are capable of reacting 
only with the homologous antigen or those with 
great similarities in molecular structure. 

By me.ans of this action of the antibody the ani- 
mal has the capacity to destroy the virus or the 
bacteria. The principle of antibody response it is 
hoped, but without success thus far, will be of 
benefit in the fight against cancer, just as it can be 
used to destroy the viruses causing polio. The 
work of Karl Landsteincr is responsible for our 
understanding of human blood groups w'hich arise 
from antigenic considerations. This work demon- 
strated that the specificity of the antibody-antigen 
reaction is not due to the antigen molecule os a 
whole, but only to certain chemical groupings. He 
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discovered that an animal can manufacture anti- 
bodies with the power to combine with well-de- 
fined chemical groups. He used the technique of 
coupling diuzotized amines to proteins. One which 
has been used extensively is p-aminophenylarsonic 
acid, whose diazonium salt has been coupled to 
foreign serum proteins. Landsteiner found that 
antibodies manufactured against the n -tartaric 
acid grouping do not react with the i. form. He 
also found that proteins coupled to »«-, and 
p-ttininophenvlsulfonic acid produce different 
antibodies. 

Not ull types of groups arc capable of inducing 
antibodies against them. Only polar groups, such 
as — OOOII, — SOJ1. — AO jl* , and quaternary 
ammonium groups appear to have this capacity. 
It is probable that antigen specificity arises from 
a particular configuration of a single chemical 
group like the above, or a given arrangement of 
several of them. There may be many such groups 
incorporated into the natural protein, making up 
the so-called antigen valence. It is believed that 
the antibody molecule has one or more regions 
with structures complementary to these, and con- 
sequently, that the forces responsible for combina- 
tion of antibody with antigen are electrostatic, 
van der Waals, and hydrogen bond type. The 
antibody may be formed by a unique folding of 
the peptide chains so as to make available certain 
chemical groupings on the resultant molecule. 

Although the site of formation of the normal 
scrum globulins is not known, it is believed that 
they arise in the reticuloendothelial cells of the 
liver, bone marrow, and spleen. There have been 
many theories proposed for the mechanism of 
formation of the antibody, and it is generally 
accepted that the antibody is a new globulin, 
synthesized under Ihe influence of a nearby anti- 
gen. Pauling has gone a few steps further and has 
described a theory in which the antibody is formed 
from the precursor of the globulin molecule— that 
is to say, the amino acid sequences are all the 
same, but the antibody differs in the way in 
which the molecule is folded. As the folding occurs, 
two parts of the chain are in direct contact with 
the antigen molecule and fold in stable configura 
tions which would be different if the antigen were 
not present. Consequently, Pauling postulates 
bivalency for antibody molecules. According to 
this concept it may be possible to manufacture 
antibody molecules in vitro. This has not vet been 
accomplished. 

Immunochemists have studied the formation of 
the antibody and its reactions with the homolo- 
gous antigen to gain understanding of the im- 
munity mechanism. As is not uncommon, their 
efforts have probably contributed as much to the 
knowledge of the physical and chemicul nature 
of proteins as to their original thesis. Chemists 
are presently studying the reactions of antibodies 
with antigens, using for this purpose the earliest 
tool, the precipitin reaction, as well os light 
scattering, ultracentrifuge, and electrophoresis 
techniques. 

The precipitin reaction can be studied by ob- 
serving the results of adding a constant amount 
of antibody or antiserum to each of a series of test 


tubes containing increasing amounts of antigen 
(usually increasing by a factor of 2). The reverse 
can be accomplished by adding constant amounts 
of antigen to varying amounts of antibody. If 
the proper relative amounts are chosen, the former 
test will show maximum precipitation in the center 
tube and decreasing to either side. Heal inhibition 
to precipitation has occurred on the antigen 
excess side of maximum precipitation, while the 
decrease on the other side may be the result of 
inhibition due to antibody excess or merely lack of 
sufficient antigen to cause precipitation. To find 
out which is the case, one performs the latter 
test, and if real inhibition exists, precipitation 
will rise through a maximum and then decrease 
as the amount of antibody increases. Equine 
antibodies show a pronounced antibody excess 
inhibition, whereas rabbit antibodies do not. All 
systems show* antigen excess inhibition. The pre 
cipitates can be evaluated to determine the 
amount of antibody and antigen present. The 
precipitation and inhibition phenomena have heen 
the subject of a great deal of work in recent years 
in the attempt to reveal the mechanism of the pre- 
cipitin reaction. It is hoped that this information 
will eventually lead to ail understanding of anti- 
body manufacture and its duplicating mechanism 
which may not be unlike those which produce 
replicas of complex biological molecules, for in- 
stance viruses and genes. 

(• It racentrif ugalion ami elect rophorcsis have 
been used to study the antibody-antigen system 
in the antigen excess inhibition region. In the 
schlieren diagrams which have beeir obtained, one 
finds that the number of peaks approaches 2 as 
B the antigen excess of the system increases. These 
two peaks represent the free antigen component 
and the complex component containing the ag- 
gregate composed of one antibody and g antigens. 
Analysis of these peaks leads to values of // greater 
than 1. which proves that for the system studied 
the predominant antibody has a valence greater 
than 1. I'ntil these new tools had been brought to 
focus on this problem there had been considerable 
controversy over this point. By these methods 
of analysis the equine antibody (manufactured 
against human serum albumin) has the predom- 
inant valence of 2, rnfortunately, workers in 
different laboratories have not yet agreed on the 
valence of the rabbit antibody (manufactured 
against bovine serum albumin). Some contend 
the valence is 2 and others contend that, it is 
greater than 2. More precise determinations of 
the schlieren diagrams are required, but the evi- 
dence seems to be in favor of 2 at. present.. 

The effects of ionic strength anil pH arc giving 
indications of greut usefulness in determining the 
nature of the forces involved in the antibody- 
antigen bond, again with the use of ultracentrifu- 
gation and electrophoresis. Light scattering ap- 
pears ab"c to contribute usefully to the kinetics 
of the system. The preliminary results now at 
hand indicate that significant information regard- 
ing the nature of the antibody will bo forthcoming 
in the next few years. 

Richard J. Goldberg 
Cross-references: Bacteriology , Immunology , 
Blood , bipidee , Proteins 
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ANTIFREEZE AGENTS 

Water is an excellent heat transfer medium since 
it has a high specific heat and a very low cost. 
However, it has two disadvantages: namely, its 
high freezing point and its corrosive action on 
ferrous metals in presence of air. 

The 32°F freezing point of water is lowered by 
the addition of various compounds. The extent of 
lowering is generally indicated by ltuoult’s law. 
Thus, it is possible to employ an aqueous solution 
as u coolant w r ell below the freezing point of water. 
These aqueous antifreeze solutions serve as means 
of transmitting heat from one part of a system to 
another without change of state over the operating 
temperature of the system. The properties of the 
binary system, antifreeze agent water, determine 
the operating temperature range for a particular 
solution. The critical properties of the system are 
freezing point, boiling point, heat capacity, vis 
cosit y and specific gravity. The most important 
of these are the freezing point, and boiling point 
composition curves, since these establish the 
operating temperature range for the system. Other 
properties (for example, viscosity) may further 
limit the useful lantfe of a specific solution. 

The earliest antifreeze agents consisted of 
aqueous brine solutions such as sodium chloride, 
magnesium chloride and calcium chloride. The 
eutectic temperature for aqueous sodium chloride 
solutions (23%) is given as -tVF while the cor- 
responding value for the magnesium chloride 
solution (21%) is — 22 rt F. The eutectic tempera- 
ture for calcium chloride solutions (30%) is —.50'* F. 
However - 40 U F is about the lowest practical 
operating temperature, since the brine solutions 
have a tendency to precipitate solid salt if the 
concentration approaches the eutectic value. 
This precipilated solid will clog pipes and pumps 
with a subsequent decrease in heat transfer. 

A very serious shortcoming of the low cost 
brines is their corrosive act ion on met als due t o t la 1 
electrolytic nature of their aqueous solutions. 
Uoth calcium and magnesium chlorides /undergo 
hydrolysis resulting in an acid reaction, which 
increases the corrosiveness of these salts. Further, 
unless soft water is emplo>ed in the preparation of 
the calcium briiies, a precipitate will be formed by 
components of hard water. While sodium chloride 
does not hydrolyze, it is a highly corrosive ma- 
terial. The brines may be inhibited to reduce their 
corrosive nature, but in spite of every known 
method of inhibition, they still present very seri- 
ous corrosion problems. Sodium dichromate is 
commonly employed !l brine inhibitor. Also, 
inorganic phosphate salts sueh as disodium phos- 
phate, tripolyphosphate, trisodium phosphate, 
have been used as inhibitors. In general, chemical 
inhibitors have been ineffective in decreasing the 
corrosion of brine solutions on the common metals. 

The most useful antifreeze agents consist of 
organic compounds such as mono-, di-, and poly- 
hydroxy derivatives. In geuernl, those materials 
are flammable or combustible by contrast with the 
nonflammable inorganic salts, llow'ever, aqueous 
solutions of the higher boiling compounds are 
nonflammable at normal operating temperatures. 


Mixtures boiling lower than wrater tend to lose 
the antifreeze agents when subject to overheating 
in a given system, while the poly hydroxy (glycols 
and glycerine) solutions will lose w*ater rather 
than the antifreeze material. Therefore, aqueous 
solutions of high boiling compounds (above 212°F) 
will bo retained in the system since the antifreeze 
agent is not lost by evaporation. Inasmuch as the 
eutectic points for these polyhvdroxy compounds 
are much lower than for brine solutions, they are 
useful at lower temperatures as indicated in the 
following table: 

Operable Temperatures Fim Various Hydroxy 
Antifreeze Agents 



Minimum 

Operuble 

Antifiec^o 


Temperature 

Concent rat inn 

Methanol 

-54°F 

50% (bv volume) 

Kthanol 

-50 

72 

Isopropanol 

-50 

81 

Kthylene glycol 

-56 

58 

Propylene glycol 

-32 

52 

Glycerine 

— 12 

65 


The effectiveness of a specific antifreeze agent 
is inversely related to its molecular weight, since 
1 lie lowering of the freezing point of water is deter- 
mined by the number of moles of antifreeze agent 
present in a given solution. Below* are listed the 
molecular weights of a number of compounds as 
well as the concentration needed to lower the 
freezing point of water solutions to 0°F. These 
data rate the several antifreeze agents as to their 
ability to lower the freezing point of waiter. 


Molecu lar Weights ok Hydroxy Compounds 
and Concentrations for 0 F Protection 




Uoncrntution to 


M W. 


Prntec t to II F 

Methanol 

32 

27% 

(by volume) 

Kthanol 

46 

31 


Isopropanol 

60 

42 


Kthvlene glycol 

62 

33 


Propylene glycol 

76 

36 


Glycerine 

02 

42 


Cane sugar 

342 

75 



It is evident from the above data that methanol 
is the most effective freezing point depressant, 
while* cane sugar is least efficient. Actually, cane 
sugar, honey, glucose, etc., are not suitable anti- 
freeze agents since the \ require such high eoncen- 
t. at ions to reduce the freezing point of water that 
the solutions are too viscous. 

The hydroxy compound types of antifreeze 
agents have the further advantage of being rela- 
tively noncorrosive to the common metals. Fur- 
ther, their solutions will not precipitate crystalline 
salt deposits at low tenqierat ures. These solutions 
may be pumped through pipes at temperatures 
somewhat below the freezing point without me- 
chanical damage to the system. Certain glycol 
solutions can be pumped at temperatures of io°F 
below their freezing point. 

Selection ami Use of Antifreeze. During the 
period of normal supply both types of antifreezes 
(methanol and ethylene glycol) are readily avail- 
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uble. Both may be employed undc*r average driv- 
ing conditions. However, the nonvolatile type is 
recommended to meet variable driving conditions, 
such as heavy loads, long periods of idling and 
high altitudes. The average motorist selects the 
glycol antifreeze to insure against freezing 
throughout the winter season regardless of 
weather and driving conditions. 

Sufficient antifreeze should be added to protect 
t he cooling system to about 15°F Indow the average 
annual miuimum temperature. If an unusually 
low temperature develops, the freezing point of 
the radiator solution should be checked and ad- 
ditional antifreeze added, if needed. The concen- 
tration of antifreeze in the radiator is determined 
by a specific gravity hydrometer. Since t lie specific 
gravity of the aqueous antifreeze solution varies 
with the concentration, charts giving the freezing 
points as a function of the concentration arc avail 
able for volatile and nonvolatile (permanent) 
products. Mixtures of alcohol and glycol anti- 
freezes cannot be checked by a hydrometer since 
the specific gravity of the two antifreeze types 
differs widely. 

Antifreeze Inhibitors. Uninhibited water is 
corrosive to metals of the cooling system. This 
corrosive action exhibits itself in aqueous anti- 
freeze solutions and inhibitors are therefore incur 
porated in the concentrated antifreeze. Indeed, 
this is the reason for the recommendation of all 
antifreeze manufacturers to inhibit water used in 
coolant systems during the summer months. Much 
experimental work has been done to minimize the 
corrosion characteristics of aqueous solution of 
antifreezes. In general, about 1-3% of a com- 
pounded antifreeze is corrosion inhibitors. These 
additives may be of an organic or inorganic nature.' 
The several antifreeze manufacturers have devel- 
oped inhibitor combinations which will maintain 
the corrosion tendency at a minimum. Since each 
manufacturer develops a specific inhibitor for his 
product, it is not advisable to mix two types of 
antifreezes because the inhibitor blends may tend 
to nullify each other. 

For the nonvolatile product there are two gen 
eral types of inhibitor systems, single and two 
phase. The volatile products are usually produced 
in a single phase form, although in some a second 
phase may result upon dilutions with water. The 
mono-phase type of inhibitor, which is completely 
soluble in the glycol or alcohol, consists of such 
compounds as borates, phosphates, nitrites, tung- 
states, molybdates, amines and amine salts, in 
general, these compounds protect the metal sur- 
faces through the formation of a protective film. 
A two phase inhibitor system usually contains an 
oil phase of about 1-2% by volume, and consists 
of sulfonated oil, animal or vegetable oils or 
derivatives. These materials protect the metallic 
surfaces by coating them with an oil film, although 
there is always the possibility that the film may 
not be uniformly distributed throughout the cool- 
ing system. 

Other Application* of Antifreeze Agents. 
Brine solutions are still frequently used as refrig- 
erants in plant processing. Hydroxy compounds 
(glycols) arc also employed for the same purpose 


to avoid corrosion. In food-processing plants such 
as dairies, breweries, and packaging plunts, in- 
hibited propylene glycol is used because of its very 
low toxicity. An inhibited glycol solution is also 
used to remove ice formed by passage of moisture 
over cooling coils of large industrial air-condition- 
ing units. Antifreeze agents are incorporated in 
formulations to prevent freezing and possible de- 
struction of emulsions used in pharmaceutical ami 
cosmetic creams. Glycol is also added to cement 
to prevent cracking during the winter. 

Aqueous types of nonflammable industrial hv 
d rau lie fluids utilize glycols as freezing point 
depressants for the water component. These fluids 
are used in the operation of hydraulic lifts, die 
easting machines, ingot manipulators, etc. 

A number of deicing formulations have been 
developed for the removal of ice and frost from 
such exposed surfaces of aircraft as leading edges 
of the wings, fuselage, etc*. They consist of inhib- 
ited alcohol or inhibited alcohol glycol enmbina 
tions. This problem has become more acute with 
the advent of long flights at high altitudes when 
humidity may vary through a wide range The 
deieing fluid should not only melt ice, hut also 
prevent its formation for several hours These 
deieing fluids consist of a blend of glycol and in 
organic salts. 

In hydraulic fluids there is also an antifree/e 
problem. For many vears, the Naval Bureau of 
Aeronautics has used a nonflammable aqueous 
type hydraulic fluid for t heir fighter planes A sun 
ilar fluid operates the catapult mechanisms on Hie 
aircraft carriers. In both these applications a 
glycol is incorporated in the product to lowei the 
freezing point 

Deicing fluids have been used to remove lee 
from automotive windshields. They consisted of 
aqueous solutions of isopropyl alcohol, alcohol 
glycol combination, and glycerine. In recent year** 
antifreeze compounds have been added to the 
gasoline to prevent freezing of condensed mnis 
ture during the winter months. Isopropyl and 
methyl udcohols have been employed for this 
purpose. Recently petroleum producers have 
been adding isopropyl alcohol to the gasoline at 
the refinery for the same purpose. 

A number of cities have used sodium or calcium 
chloride to melt the ice and snow in city streets. 
These salts are very effective as deicers but are 
highly corrosive to the vehicles. The addition of 
chemical inhibitors has not proved to be effective 
in controlling the corrosive action of the salt on 
metal surfaces. 

Chester M. White 
Cross -ref erenee*: Heat Transfer , Eutectic , Ad- 
ditives, Solutions , Alcohols 


ANTIKNOCK AGENTS 

An antiknock agent is a chemical which, when 
added in small amounts to gasoline, raises it* 
octane number. Many compounds possess this 
property to varying degrees, but they are all com- 
pounds of rather few* elements. Except for nitrogen 
compounds, the antiknock effect is almost directly 
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related to the atomic concent ration of the effective 
element, the nature of the compound in which it 
is present having only secondary significance, such 
as to make the material soluble in gasoline and 
sufficiently volatile for induction through a 
carburetor. 

The main antiknock agents are compounds of 
nitrogen (hh aromatic amines only), iodine (ele 
mental or combined), and some metallic or semi- 
metallic (dements. The most significant ones are 
listed below together with their relative effec- 
tiveness, on an atom basis. 

Relative Effectiveness oh Amikvnk Aoents 

(Reciprocal of number of moles giving the same 
antiknock effect as 1 mole of aniline) 


Aniline 

1 0 

Ethyl iodide 

1.1 

Titanium tetrachloride 

3 2 

Tetraethyl! in 

4.0 

Diet hylseleni uni 

0 9 

Triethylbisinuth 

24 

Diethyl! elluri uni 

27 

Nicked chi bony I 

35 

Iron earbonx 4 . 

50 

Tet methyl lead 

US 

Other aromatic amines \ ai> 

in effectiveness 


from 0 2 to 1.5 compared to aniline, while nitrogen 
in other forms ineffective Other organolead 
compounds differ very little from tet tact h> Head 
(TKU, as long as they are soluble in gasoline and 
somewhat volatile. 

The best materials, iron caiboml and tetia 
ethyllead, show a potency of 50 and 1(H) fold that 
of aniline, lespcetiveh . The-e figures are only 
approximate, because they van not onl\ with the 
gasoline used but also with the engine operating 
conditions and with tin* concent i at ion of anti 
knock agents, hi general, the oetane number 
(O.X.) of a gasoline will be raised about 10 O.X 
with 1.0 ml of TEL added to one V. S. gallon of 
fuel, and 20 O.X. with 3.0 ml. 

Iron carbonyl, wdiile the least expensive on the 
basis of cost and effect iveness, never gained wide 
use, because the iron oxides formed by its com 
hustion cause excessive engine wear and shortens 
the life of the spark plugs. 

Tetraethyllead has been in commercial use since 
1925, and is now used in many countries; it is a 
component of praetieallv all aviation and auto- 
motive fuels in the United States. In order to 
avoid the formation during its combust ion of 
objectionable lend oxide, it is added to gasoline 
in admixtures w’ith ethylene bromide, with or 
without the further admixture of ethxlene chlo- 
ride. When the former is used alone, the propor- 
tions are molc to-molc (one theory), to lead to the 
formation of lead bromide. When (Mf«Cls and 
CjHiBra are used together, the “theory” of bro- 
mine is reduced by not more than 0.5, and about 
twice as much chlorine is used instead, such, for 
instance, as in 0.85 theory Br 4 0.30 theory Cl. 

Pure TEL, and also its concentrated mixtures 
with CjlLBra and CjILCl- , are hazardous to 
handle, and therefore the antiknock agent is 
blended at the refineries under safe conditions. 


The leaded gasoline is safe to handle as a motor 
fuel, but should not be used for washing purposes 
or other forms of direct skin contact 

The decrease in antiknock effectiveness with 
increase in concentration makes it inadvisable to 
use over 6 ml TEL per gallon for aviation fuel; 
for motor fuel the concentration is limited, for 
economic reasons as well as for safety, to 3.0 ml per 
gallon. 

Regular and premium grade motor gasolines in 
the United States contain on the average about 
2 nil TEL per gallon. The total consumption of 
TEL in the United States in 1955 amounted to 
several hundred thousand tons. 

The presence of TEL in gasoline can be detected 
by shaking a small sample of the gasoline with 
concentrated IIC 1 ! and testing for lead in the 
aqueous laxcr. For (plant itative determination 
50 or 1(H) ml of gasoline is icfluxed for 30 min. with 
an equal volume of concentrated IKM. The 
aqueous lav** and washings are evaporated to 
dr\ ness and the residue is analyzed for lead. 

(iEOKUE U XLINliAEllT 

Uross -references: Arfihtms, dusulim, Oitjano 
metallic Com pott mis 


ANTIMONY 

Antimoux . symbol Sb (L stibium) } is a hard, 
1 little, silver white metal of atomic number 51 
and atomic weight 121.70. It is located in Uroup 
V A of the Periodic Table with nitrogen, phos- 
phorus. arsenic and bismuth, and has been known 
since eat best limes in the form of compounds and 
allox s Although native antimony has been found 
in isolated instances, the metal and its compounds 
aie derived from ores, the chief of which is stihnitc 
or antimony gi.mee, Sb«() t ; other minerals aie 
aiitimonidcs and sulfantimonides of other metals, 
frequently associated xxith mercury, silver, lead 
and copper ores. While antimoux is 5Sth in order 
of occurrence of the elements in the cat Ill’s crust, 
it is relatively common because it is derived 
largelx as a bv product in the production of lead 
and copper. 

The metal is extracted form its sulfide ores bx 
roasting to convert it to the volatile oxide, which 
is then reduced with carbon, or by reduction with 
scrap iron in the presence of a salt or sodium sul- 
fate slagging agent. Much antimony is recovered 
s a lead alloy, especially the secondary metal 
derived from scrap. In 1953 the United States con- 
sumption was 39, 1(H) tons, comprised of 14,300 
tons of primary metal (chiefly from Bolivian 
and Mexican ores), 2,800 tons contained in lead- 
silver ore consumed in the manufacture of anti- 
monial lead, and 22,000 tons of secondary metal 
almost entirely as a lead alloy from scrap storage 
batteries. The current price of antimony is 33.5^ 
per pound, less than that of copper (1955). 

The physical properties of antimony include: 
density, 0.084 g/cc; melting point, 630.5' C; boiling 
point, 1440°C; specific heat, 0.0504 eal/g/ w C (20°- 
100°C); latent heat of fusion, 38.3 eul/g; latent 
heat of vaporization, 383 cal/g; coefficient of ther- 
mal expansion, 8.5 to 10.8 X 10~* (20°C), depending 
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upon the crystal orientation ; electrical resistivity, 
41.7 microlim-cm (20°C); vapor pressure, log, n P- 
(mm Hg) - -9871 .5/T f 0.051 (range 1070°- 
1325°C), where T • °K; thermal conductivity 
0.045 cal/8ec/cmV°C/cm (25°C); surface tension, 
383 dynes/cm (635°C) in Il 2 ; modulus of elasticity 
1 1 .3 X 10 s psi ; hardness 42 Brinell ; thermal neutron 
absorption cross section, 5 barnes. Antimony 
crystallizes in the stable rhombohedral system, 
and two other allotropic forms are known. Iso- 
topes are 121 and 123 in the relative amounts of 
56 and 44. 

Antimony is not attacked by air or oxygen at 
ordinary temperatures, but when heated is con- 
verted to the trioxide. Water reacts with it at 
elevated temperatures, and it burns in chlorine to 
yield antimony trichloride, HbClj . Antimony is 
not attacked by hydrofluoric acid nor by dilute 
hydrochloric or sulfuric acids, but is dissolved by 
concentrated HC1 and H-SOi , forming, respec- 
tively, SbCli and unstable HbsCSO^j ■ Nitric acid 
oxidizes the metal. It combines directly with 
sulfur, phosphorus, arsenic, tellurium, selenium, 
and with many metals, such as sodium and lead, 
to form definite compounds. Carbon, silicon, 
boron and nitrogen do not react with antimony. 

Antimony, like arsenic and bismuth, forms tri 
valent and pentavalent compounds, the former 
being the more common. All of the halogen com- 
pounds, except SbBr & , are known at both valence 
leve**i. Most of them are hydrolyzed by water to 
form oxy compounds, such as Sb 2 Oi from ShCl? 
and hot water. Antimony hydride, Sl)Hj , formed 
by the action of HC1 or H 2 S() 4 on a zinc -antimony 
ailoy, is a colorless, poisonous gas with a garlic- 
like odor. Two series of oxygen acids or salts are 
kuown: HaSbOa , orthoantimonous acid, and 
H-»Kb0 4 , orthoant imonic acid which' on heating 
passes into H 4 Sb *07 , pyroant imonic acid. Tartar 
emetic, KCSbOlCjLOtr^HaO, an important 
commercial antimony salt, is formed by boiling a 
solution of potassium hydrogen tartrate, “cream 
of tartar/* with antimony trioxide. 

In the United States almost 80 per cent of the 
total primary and secondary antimony is con 
sumed in the form of alloys, chiefly those of lead 
for battery plates (9 per cent Sb, the largest singles 
use of antimony as well as of lead), cable coverings 
(1 per cent Sb), sheet and pipe (6 per cent Sb), 
and castings (10 per cent Sb); in all these uses it 
increases the hardness and strength of lead. It is 
a vital component of tin and lead alloys for bear- 
ings, solders and type metal. Antimony is classed 
as a strategic material. 

The other 20 per cent, some 8300 tons in 1952, 
is consumed as antimony chemicals. Sb a Oj , m.p. 
656°C, is a pigment in paints, enamels and glass, 
and finds an important use in flameproofing tex- 
tiles. SbCU , m.p. 73.4°C, and SbCl* , b.p. 140°C, 
are chlorinating agents in organic syntheses. 
SbF* , m.p. 292°C, is used in procelain, in dyeing, 
and as a fluorinating agent. SbsSs is used in rubber 
vulcanization. Sl^Sa , m.p. 546°C, is a constituent 
of matches, percussion caps and pyrotechnics, 
and is a paint and glass pigment; as a valuable 
component of camouflage paints its property of 
reflecting infrared rays is similar to that of green 


vegetation. Antimony compounds, chiefly organic, 
tire applied in medicine as diaphoretics, febrifuges, 
parasiticides and emetics. Antimony metal is non- 
toxic, but its soluble compounds are poisonous 
although lower in toxicity than those of arsenic. 

Clifford A. Hampel 


ANTIOXIDANTS 

For It libbers 

Rubbers, both natural and synthetic, undergo 
gradual deterioration during aging, as a result 
of the combined effects of heat, light, oxygen and 
ozone While materials which impart improved 
aging properties of any kind to rubbers, are often 
termed age resisters, this term is also sometimes 
used to cover a specific condition, for example 
flex cracking, oxidation, deterioration due to pro 
longed heating, etc*. Materials which retard absorp 
tion of oxygen or the effects of oxidation on 
natural rubber are commonly called antioxidants. 
Haw natural rubber contains natural substances 
which behave as antioxidants, and impart satis- 
factory protection to the polymer in the unvul- 
canized state Synthetic rubbers must be protected 
ngainst oxidation at the time of manufacture by 
addition of materials culled stabilizers which func 
tion as antioxidants in natural rubber In modern 
commercial practice the term “antioxidant** 
refers to a material which is essentially without 
effect on the rate of vulcanization, but which re 
tards the deterioration of elastic properties caused 
by oxidation 


• Che \ uc C l\ssificviion of Antioxidants 


riaviifuAtiun 

Secondary aryl- 
amincs 


Alkylarylamine 

i 

« 

Ketone -amine 

Alkylated phe- 
nols 


Phosphite ester 
Alkylated phe 
nolsulfide 
Dihydroquino 
lines 


Exam pit s 

N,N' I)iphcn.vl-p phenylene 
diamine 

N-Phenyl 2-imphthylamine 

Dioct vldi phenyl amine 

N , N ' 1 )ipheny let hylencdia- 
minc 

Acetone diphenylainiue reac- 
tion product 

2,6 I)i ttrt. hut yl- f -methyl 
phenol 

2,2 Methylencbis (4 met by 1- 
6-/c r/.-but.\ lphcnol) 

Sty rime -phenol reaction prod- 
uct 

Trinonvlphenyl Phosphite 

1,4-Thiobis (6-fcri.-butyl-3- 
methylphenol) 

2,2,1 Tri methyl -1,2-dihy- 
droquinoline 

2,2,4 Trimcthyl-6-phenyl- 
1 ,2-dihydruquinoline 


Unvulcanized natural rubber does not undergo 
serious deterioration under ordinary conditions 
of production or storage. However, after vulcani- 
zation, the finished rubber article is susceptible to 
oxidation, with the result that its elastic proper- 
ties are gradually destroyed. Antioxidants are 
therefore usually added before vulcanization to 
minimize the effect of oxidation. Since unvulcan- 
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ized synthetic rubbers are susceptible to oxida- 
tion, an antioxidant is added at the time of 
manufacture of the rubber, which serves to protect 
against oxidation after the rubber is vulcanized. 
Antioxidants are normully added to elastomers in 
an amount varying from about 0.15 to 3 parts per 
hundred parts of elastomer. Commercial anti- 
oxidants may l>e divide I into two classes depending 
on whether they discolor when exposed to light. 
Those which neither discolor in light nor stain 
other materials in direct contact are called non- 
staining, noudiscoloring antioxidants, mid are 
used in light-colored rubber articles. Those which 
discolor in light are referred to as staining anti 
oxidants. Most of these are derivatives of aromatic 
amines or the reaction product of an aldehyde or 
ketone with an aromatic amine. Nonstaining anti- 
oxidants are usually hindered phenols or deriva 
tives of aromatic phosphite esters. 

For commercial use it is desirable that an anti- 
oxidant be odorless, tasteless, nontoxic and non- 
irritating to the skin. It should be in a form which 
permits ready dispersion in rubber and should 
not bloom to the surface due to limited solubility 
Prices of commercial antioxidants range from 
about $0 50 to $3 per pound The total production 
of antioxidants in 1052 was 48, (XX), 000 pounds. 

Antioxidant efficiency is evaluated in the labors 
tory by comparative tests m which either the 
absorption of 0x3 gen or the deterioration of pin st- 
eal properties such as tensile strength, flex life, 
etc., is measured. When vulcanized natural rubber 
has absorbed about 1 per cent or more of o\>gcn 
its useful properties have practically disappeared 
For evaluation purposes, acceleration of the aging 
process is usually achieved by increasing the 
temperature and the oxygen pressure (oxygen 
bomb test). Antioxidants efficiently retard oxida 
tion in the dark but are of little value in protecting 
against light -catalyzed oxidation. 

It tuiH been recognized for some time that anti- 
oxidants function by exerting some form of nega 
tive catalysis rather than by selective reaction 
with oxygen Present theories of the mechanism 
are based largely on the assumption that the 
oxidation process in elastomers is analogous to 
the well established mechanism for oxidation of 
olcfinic hydrocarbons. Additional evidence in 
support of this theory is necessary, since it is 
known that in the important coh*> of sulfurated 
hydrocarbons (vulcanized rubbers) containing 
carbon black, factors are present which may alter 
this mechanism. 

It is generally accepted that oxidation of hydro- 
carbons proceeds by a free radical chain mech- 
anism. In the mechanism outlined below the sym- 
bol RII represents the olefin with ana-methylenic 
hydrogen atom, 11. The primary reaction product, 
a hydroperoxide, is represented by RO2H, and an 
antioxidant by the symbol AH 


Initia- RII + O, — » R* 0) 

tion* R0 2 ll II- (2) 

AH + (>*-> A- (3) 

Propaga- R* + <>j Rt>a* W 

tion I10 2 - + RII - ROaH + R- (5) 

R() a - + AH — > ROaH + A- (6) 


A- + RII — R- + AH (7) 

Tormina- 2RO*- -+ Stable products (8) 

tionf 2A* —> Stable products (9) 

A* + ROa* — ► Stable products (10) 
Peroxide ROtll + AH -> Stable prod- (11) 

destruc- ucts 
tion 

* Reactions (1) and (2) are the overall result of 
one or more successive reactions, 
t Under conditions where (R-)^ (IUV)- 

Phenolic antioxidants are believed to function 
by reacting with the RO-* radical as indicated by 
reaction (6). The radical A-, derived from the 
phenolic untioxidant, is either incapable of propa- 
gating the chain via reaction (7) or propagates the 
reaction with voiy low' efficiency. The rate of 
oxidation is reduced because the length of the 
chain reaction is reduced. 

The behavior of amine antioxidants is probably 
more complex One effect of an amine antioxidant 
is probably to reduce the initiation of reaction 
chains via reaction (2) by converting the peroxide 
to n stable product without formation of free 
indieals. The radical A-, formed from an amine 
antioxidant via reactions (3) and (6), is believed 
lo be capable of propagating the chain reaction, 
but probably with lower efficiency than the ROr 
radical. This would tend to reduce the oxidation 
rate. Reaction (3) will increase the oxidation rate 
lt'gardless of the efficiency of radical A- in propa- 
gating the chain. The overall effect of an amine 
antioxidant on the oxidation rate will depend on 
the magnitude of the opposing effects. 

Some antioxidants, which efficiently retard oxi- 
dation in the dark, accelerate oxidation in light. 
This effect i*- probably due to the formation of 
enain initiating adicals by the action of light cm 
the antioxidant. \n additional factor which nmy 
reduce the effectiveness of an antioxidant in pro- 
tecting agaii it light -catalyzed oxidation is the 
probability that the kinetic chain length is shorter 
for photo-oxidation than for thermal oxidation. 

It. P. Dinsmore 

(' rows -references: Additives , Antiosonants , Rub- 
ber, Oxidation, Amines , Autoxidation 

For Lubricants 

Since almost all lubricants consist wholly or in 
large part of organic compounds, they oxidize in 
the presence of air. This oxidation results in de- 
1 rioration of the lubricant with a marked chunge 
in viscosity (usually an increase), the precipita- 
tion of insoluble materials and/or the corrosion of 
metal parts in contact with the lubricant. Small 
amounts of certain additives, knowm os anti- 
oxidants or inhibitors, greatly decrease the rate of 
oxidative deterioration. The amount added usu- 
ally lies between 0.01 and 3 per cent , depending on 
the antioxidant used. The total amouut of lubri- 
cant antioxidants used in the United States in one 
month is about twelve million pounds. 

Most lubricant antioxidants fall into the follow- 
ing classes: (1) aromatic amines, (2) phenols, (3) 
compounds containing sulfur or selenium, (4) 
compounds containing phosphorus. Phenyl -a- 
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naphthyluniine. alkylated d i phenyl a mines and 
unsymmetrical di phony lhydrazino are typical 
amine type antioxidants. Totramethyldiaminodi 
phenylmethane is an effect ive antioxidant at 
temperatures above 100°C where many other 
amines are ineffective. Among the phenolic com- 
pounds. hvdroqtiinone, 0-nuphthol and alizarin 
show inhibiton action. However, the most com 
inonly used antioxidants are substitution deriva- 
tives of phenol, such as 2,6-di-ferf butyl-/#* cresol, 
n-cyclohexylphenol, and p-phenyl phenol. 

Imbricating oil containing a small amount of 
dissolved sulfur is effectively inhibited, but is 
quite corrosive toward copper and its alloys. 
However, if an organic compound of sulfur is 
added, inhibition may be achieved without cor- 
rosion. Suitable compounds can be produced by 
reacting sulfur with unsaturated esters such as 
sperm oil. or with other unsaturatcd organic com- 
pounds such as terpenes and potybutenes. Similar 
compounds may also be prepared by the reaction 
of chlorinated wax with sodium sulfide. The prod- 
ucts of these reactions are complex, and the sulfur 
is present in a number of forms such as sulfides, 
disulfides, etc. Aromatic and aliphatic sulfides, 
such a" dibeiml sulfide and alkylated diphenyl 
suliide, are sometimes used. 

Some selenium derivatives are also excellent 
antioxidants. Dicetyl selenide gives much greater 
inhibition than the corresponding sulfur coni 
poi. id. Dilaurvl selenide is particularly useful 
for temperatures above lOO'V. 

Take sulfur, elementary phosphorus is an offer 
tive antioxidant, but is too eorro.sivr for actual 
application. The most common phosphorus con 
taining antioxidants are alkyl and aryl phosphites 
such as tributyl phosphite and Iris (p-trrt - amyl 
phenyl) phosphite. Natural lv occurring plios 
phorus compounds such as lecithin are also used. 

Compounds containing both sulfur and phos 
phorus have been used extensivelx as ant ioxidants. 
In general, inhibitors containing both elements are 
definitely superior to those containing only one 
Most of the phosphorus-sulfur inhibitors are pro 
duced by the reaction of high molecular weight 
alcohols or unsaturatcd organic compounds with 
phosphorus pent asu I tide. The alcohols (such as 
iaurvl alcohol, cvclohoxanol or butyl phenol) 
yield dithiophosphoric acids, which are used in 
the form of their barium, calcium or zinc salts. 
Phosphorus pen In sulfide reacts with terpenes, 
polybutencs, unsaturated fatty acids and eHters, 
and so forth to give an almost unlimited number of 
complex addition products. 

There arc also some organic compounds contain- 
ing sulfur and nitrogen which are excellent anti 
oxidants. A number of polyvalent metal dithiocar 
bamates give good inhibition. Phenothiazine is at 
present the antioxidant most generally employed 
in diestcr synthetic oils. 

Naturally, the effect of any antioxidant will 
vary greatly with the nature of the lubricant in 
which it is used. 

Since autoxidation apparently proceeds by a 
free radical chain mechanism, antioxidants are 
considered to function by breaking the chain. 
Thus, the reaction of one molecule of antioxidant 


with a chain carrier serves to prevent the oxida- 
tion of hundreds or even thousands of lubricant 
molecules. When the inhibitor reacts, it may be 
oxidized to a compound which no longer will in- 
hibit oxidation, it may be oxidized to a compound 
w*hich is a less potent antioxidant, or it may be 
regenerated. The latter type is, of course, the 
most desirable. Phenothiazine apparently owes 
its great inhibitory power to a regenerative reac- 
tion which converts active peroxide oxygen to a 
less active form. 

Alan 1)ohry 

Cross -references: Additives, Lubricating Oils 
Kor Food Prod nets 

Antioxidants are chemical compounds w'hich 
retard oxidation and thus increase the shelf life 
of foods. Nature was the first to use antioxidants 
in her storage problems. The tocopherols occur in 
many fruits, nuts, vegetables, ami meats where 
they may prevent oxidation. Hog fats contain 
from 1 to 3 parts of tocopherols per 100,000, while 
the vegetable fats contain from 30 to 100 parts 
per 100,000. The additon of from 1 to 10 per rent 
of certain vegetable fats to lard increases the sta 
hility of the lard three- to live fold. The preserving 
action of the spires, especially rosemary and sage, 
may bo explained b\ the antioxygeuie activity 
they possess. Preservation of meat b\ smoking is 
known to be due to the aromatic compounds in 
the smoke. Anothei natural product , ascorbic acid, 
lias been claimed to have antioxvgenir activitx, 
but this effect has not been well established The 
use of natural and artificial antioxidants has in 
•creased materially since the Food and Drug 
Administration (FDA) has peimittod the addition 
of certain compounds to certain foods. As a rule 
the most powerful antioxidants are phenolic com 
pounds such as hydroquiuouc, nordihydroguia 
retie acid iNDOA), l.uty luted hydroxyanisolc 
(BHA), norconidcndrin, gum guaiae, and the 
tocopherols. 

Synergists have no antioxygeuie value in them- 
selves, but they increase the effectiveness of any 
natural or artificial antioxidants in the food. 
Certain acids are known to act in this capacity. 
Ascorbic, citric and phosphoric acids, the mono- 
esters of ascorbic and fatty acid esters of citric 
acid, are frequently used as sMiergists. Ascorbic 
acid may retard oxidation slightly because it is a 
reducing agent which may consume part of the 
dissolved oxygen or reduce the Oxidation-reduc- 
tion potential. Certain compounds such as citric 
acid and sorbitol act us chelating agents for the 
removal of metals, such as copper uml iron, which 
promote oxidation. 

The concentration of nntioxidafits approved by 
the FDA varies with the product Imt the maximum 
is 0.02 per cent. Some compound) are effective in 
concentr.it ions as low as 0.0025 por cent. Any food 
product containing an added antioxidant must 
be so labeled. 

Some antioxidants have eertain properties not 
possessed by the others. For example, BHA and 
gum guaiae carry through the heat treatment of 
baking better than some of the others. Because of 
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the difference in properties, mixtures of antioxi- 
dants and synergists tire often used. 

The prevention of oxidation in animal products 
such as fish, meats, and poultry, is of great eco- 
nomic importance, hut unfortunately success in 
this field has been limited, prohahlv because of 
the poor contact of the antioxidant with the fat 
and the presence of moisture. The oxidative dis- 
coloration of many fruits and vegetables lias been 
retarded by treatment with ascorbic acid. This 
compound may play three roles iu retarding oxida- 
tion. They are its action as a reducing agent., acid, 
and synergist. The discoloration of canned mush- 
rooms has been reduced and the flavor improved 
by the addition of ascorbic and citric acids. 

Antioxidants are used to prevent oxidation of 
the vitamins. « Tocopherol (vitamin Kj and as- 
corbic acid (vitamin C) are often added to prevent, 
oxidation of vitamin A 

New antioxidants are being tailormadc to moot 
certain problems in food preservation. 

(iEOROK It. (JRKUXUWK 
< !r»h* -references: Additivift, Foods, Oxidation 


ANTIOZONANTS 

Antiozonants, sometimes referred to as 4l anti- 
o/idants” and as “suuproofing agents, ” impart to 
natural rubber ami synthetic rubber compounds 
various degrees of resistance to atmospheric 
ozone The cracking of rubber on exposure to the 
atmosphere is caused by two separate mechanisms. 
Light activated oxidation results in a rcsinifica- 
tion of the surface; the surface, being brittle, 
breaks in ail irregular eriss cross pattern as a re- 
sult of surface shrinkage or movement caused by 
contraction and expansion or other disturbances. 
Tin* second mechanism is the attack of ozone 
on strained rubber which takes place in the dark 
as well as in light and results in cracks running at 
right angles to the strain. A complex strain pat- 
tern will result, in a complex crack pattern, but 
cracking resulting from ozone can usually.be iden- 
tified as being distinct from cracking due to light- 
activated oxidation. 

The atmospheric ozone effect is very often 
visible in a matter of days, and severe, damaging 
cracks may develop in weeks. Its action is pro- 
gressive and once started is not reduced or halted 
until stress relaxation occurs or the ozone con- 
centration is reduced. 

The light -activated oxidation effect, is a surface 
effect which tends to lend protection to the under- 
lying material and is often not particularly dis- 
ruptive of the rubber’s useful life, providing that 
the article is not thin in cross-section and a high 
ratio of volume to surface exists. 

Petroleum waxes have come to he known as 
“sunproofing agents” because the cracks in rubber 
caused by ozone were formerly considered by 
many to result from exposure of rubber to the sun, 
and the addition of waxes to rubber compounds 
tends to reduce or prevent this type of cracking. 
Waxes are often still referred to in this manner. 
They function by being incorporated in the rub- 
ber in amounts exceeding their solubilities in the 


compound so that they migrate to the surfuce 
(bloom). This surface layer prevents the ozone 
from contacting the rubber and thus ozone crack- 
ing docs not result. A small amount of wax may be 
more harmful than beneficial, as the surface is 
spottily coated with wax and where the wax is 
thin or missing, ozone attack results in large, deep 
cracks. With no wax, the surface is often uniformly 
covered with small, shallow cracks which stress- 
reliovc the surface ns they form Wax blooms are 
often protective for static exposure but if such 
blooms are lacking in adhesion or flexibility, the\ 
will rupture or break away from the rubber sur 
face during dynamic use. This again results in 
larger and deeper cracks than if no wax had been 
incorporated. 

Waxes used for imparting ozone protection are 
usually mixtures of mierocrystalline and amor- 
phous waxes, some of which an* designed to form 
llexiblc blooms at winter atmospheric tem)>eru 
tures and yet produce sufficient blooms at the* 
higher temper tures of summer As temperature 
rises, the solubility of waxes in polymers increases 
and thus less wax is available to form the protec 
five bloom. Higher quantities of wax generally 
help at elevated temperatures, but they may form 
heavy, crusty, undesirable blooms at normal room 
temperatures. Paraffin is often effective, but paraf 
liu blooms are generally brittle. 

Certain antioxidants, often of the type which 
provide resistance to Hex cracking, also impait 
added ozone resistance. Some of these antioxi- 
dants, when used as antiozonants, must be used 
in concentrations as high as five parts on tin* 
rubber Often some wax is desirable in the com 
pound to assist iu carrying the antiozonant to 
the rubber surface Some of thesi» materials also 
imnart dynanu protection which is of concern in 
sueh things as tin* sidewalls. Representative 
materials are: (1 ) secondary aromatic amines such 
as N,N' dioctyl -pa raphcnylenediamine and di- 
phenyl-parapl.eiiylcnediamine, and (2) quinoline 
derivatives such as 0 ethoxy-1 ,2-di hydro-2,2,4 
trimet In Iqui noline and polymerized l,2dihydm- 
2,2, 1-1 rimethylquinoline. 

Certain furane derivatives have also been show n 
to have antiozonant properties; and for many 
years it has been known that’ vulcanized oils, 
generally known as f at* tier, when used in relatively 
high loadings, impart ozone resistance, but at the 
expense of lowering most physical pro|>erties. All 
the materials referred to above are properly called 
u ‘iozonants as they protect from ozone, as al- 
ready described. 

Reduction of light-activated oxidation effects 
can be obtained in two ways. Incorporation of 
opaque ingredients in the rubber will lessen pern* 
t ration of ultraviolet energy into the rubber and 
thus reduce the thickness of the oxidized layer. 
Carbon blacks, certain colors and titanium dioxide 
act as light, shields in this manner. Black com 
pounds resist light-activated oxidution fairly well, 
but nonblack compounds will generally surface 
deteriorate on exposure. The incorporation of 
antioxidants in rubber compounds will reduce 
light-activated oxidation effects to some extent. 
The use of nickel dibutyl dithioenrhamate appears 
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helpful in nonblack neoprene compounds for re- 
ducing and delaying the formation of an oxidized 
*kin. 

C\ V. Lundhekc; 

Cross-references: Antioxidants , Waxes 


ANTISEPTICS 

Antiseptics are chemical substances which kill 
or prevent the growth of microorganisms when 
applied to living tissue. Iodine and certain chlo- 
rine compounds are widely used as antiseptics. 
Iodine lias been used for the purpose since 1.X39 
and in surgery since 1862. The common forms are: 
Iodine Tincture, U.S.P., (since 1840) consists of 
2 0% I, and 2.4% Nal in alcohol (U.S.P. XV); 
Iodine Tincture, Strong, N.K . 7% 1 and 5.0% KJ 
in alcohol; Iodine Solution, X.F., 2.0% I and 2.4% 
Xnl in H a O. The best is the tincture which pene- 
trates rapdily, is highly germicidal, nonspecific, 
and is not counteracted by organic matter Chlo- 
rine compounds, counteracted to variable extents 
b\ organic matter, include sodium li> pochlorite 
l Dakin’s solution). dichloramine-T, etc. Eluroine 
and bromine are effective but not used. 

Mercuric chloride has been widely used since 
1881, but has been largely replaced by less toxic, 
compounds, whereas mercurous chloride, mercury 
ox> cyanide, mercury cyanide, and potassium 
mercuric iodide have onl> limited use. These com- 
pounds are bacteriostatic in high dilution, germi- 
cidal in much greater concentrations, but counter- 
acted to a large extent by organic matter. Organic 
mercury compounds are far less toxic, nonirritat- 
ing, and are highly bacteriostatic, germicidal, and 
nonspecific, but are counteracted to variable de- 
grees by organic matter; the most important are 
merphenyl nitrate, Merthiolatc,* Methaphen, 
Mercurochrome, and Mercresin. 

The most widely used silver compounds are 
Silver Nitrate, U.S.P., Ammoniacul Silver Nitrate 
Solution, N.F., silvei picrate, N\X.lt., and certain 
colloidal silver preparations such as Strong Pro- 
tein Silver, N.F., Mild Silver Protein, U.S.P. 
(Argyrol), etc., all of which are effective germi- 
cides of low toxicity; they are used extensively on 
mucous membranes and they are not counteracted 
by organic matter. 

Bis-phenols are highly bacteriostatic and fungi- 
static and are widely used for the purpose, espe- 
cially in Moaps and detergents, mildew-preventing 
formulations, etc., the halogenated form being 
most commonly employed, such as dichlorophene, 
tetrachlorophene, hexachlorophene, and bithio- 
nol. The germicidal properties are considerably 
reduced in the presence of organic matter. When 
used repeatedly on the skin, as in soaps and deter- 
gents, they have a tendency to remain for long 
periods, thus reducing skin bacteria to a signifi- 
enn degree, hence valuable in preoperative hand 
w ashing. 

While phenol was the first widely used anti- 
septic, employed from 1865 to 1880 and later, it 
has lieen largely replacer] because of its highly 
toxic property. Certain compounds, such as 
Haponated Cresol Solution, X.F., and halogenated 


phenol derivatives and others, are effective for 
the purpose, are less toxic and are not counter- 
acted appreciably by organic mutter. 

Muny organic pentavalcnt nitrogen compounds 
(quaternary ammonium compounds) are germi- 
cides. While these are used primarily as disinfec- 
tants, a few are employed as antiseptics, such as 
in Zephiran, Cepacol, etc. They are effective for 
the purpose in proper concentration, but are 
counteracted to irti appreciable extent by organic 
matter, especially by blood serum. They are, 
however, nontoxic and nonirntating, and may be 
used in the place of alcohol following pre-operative 
scrub-up. 

Essential oils both natural and synthetic have 
long been used as antiseptics and are still widely 
employed. The most important are thymol, 
eucalyptol, menthol, bergamot, etc. In the con- 
centrations used these oils are effectivelv germi 
cidal, nontoxic, nonirrituting, agreeable as to 
taste and odor, and not counteracted bv orgunic 
mat ter. 

Used effectively since 1894. alcohols are still 
widely employed as antiseptic^ Ethyl alcohol in 
62.5% to 70% concentration is most commonly 
used. It is rapidly germicidal, but weakly bacterio- 
static in higher dilution, is nontoxic, nonirrituting, 
and not counteracted by organic matter, it is 
widely used for degerming the skin Isopropyl 
alcohol is equal if not superior to ethvl alcohol, but 
methyl alcohol is much weaker. 

For certain purposes oxidizing compounds are 
effective antiseptics. The most important are hy 
'drogen peroxide, zinc peroxide, potassium per- 
manganate, sodium perborate, and gl\ cento of 
peroxide. Because of danger associated with the 
use of these compounds, they are usually employed 
for special purposes, especially where large 
amounts of organic matter arc not present 

Bacteriostatic dyes have limited and special 
uses in surgery and are not ordinarily employed 
otherwise. They arc selective in tlieir activity and 
arc used to prevent the growdh of specific kinds 
or classes of bacteria; they arc also to some extent 
toxic to tissue, but not appreciably affected by 
organic matter. The most important are crystal 
violet, ttcriflavine, methylene blue, and the pyri- 
dine compounds. 

It is quite impossible to evaluate the relative 
effectiveness of various antiseptics since they 
vary in their efficiency under different conditions 
of use, that is, some are more suitable for certain 
purposes than others regardless of their respective 
germicidal or bacteriostatic properties. 

G. F. Reddish 


APPERT, FRANCOIS (1750-1840) 

Bore in Ch&lons-sur-Marne, France. In 1795* 
Napoleon offered a prize for a process of food 
preservation, which stimulated Appcrt to investi- 
gate the problem. Appcrt was a self-educated 
man who described himself as “an old confectioner 
and distillei”, a chef, and altogether broadly ex- 
perienced in handling foods. In 1810 he published 
his famous treatise “L’art de conserver pendant 
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plusicurs ann£es tout os los substances nnimales ot 
v£g<?tnles”. This work describes for the first time 
a successful method of preserving foods, witliout 
the use of chemicals or drying, simply by subject- 
ing them to prolonged boiling and then hermeti 
cully sealing them. However, Appert did not know 
the words “canning** or “tinning”, conserving 
the heat -sterilized foods in glass jars scaled with 
cork. His process was fundamentally similar to 
home canning. Somewhat later the English in- 
ventor, Peter Durand, initiated the use of tin- 
lined containers (now tins or cans) and M. Ray- 
mond Chcvallier 'Appert introduced the essential 
improvement of sterilizing the foods by boiling 
them under elevated pressures (autoclaving them) 
before sealing. Thus began the great canning 
industry. 

Hkhwuo Japkk 


ARCHAEOLOGICAL CHEMISTRY 

The most obvious and frequent application of 
chemistry to archaeology is the exact identifica- 
tion of materials found in excavations. Errors of 
identification, >unli of them rather glaring from 
the chemical viewpoint, are rather frequent in the 
older archaelogical literature and are by no means 
absent from some of the more recent literature. 
Such confusions have arisen either because no 
correct identification was made in the first place 
or because the archaeologist did not appreciate 
the chemical distinction between certain materials 
similar in appearance and put to similar uses. 

The problem of making a correct identification 
of ancient materials from excavations may be 
very different from that of identifying the same 
materials in a fresh condition. It is usually less 
important to determine what it is now’ than to 
establish what it w'as originally before it underwent 
extensive chemical change. Though the original 
nature of inorganic materials may usually be de- 
termined with little difficulty, it is otherwise w’itli 
organic materials, for these are likely to undergo 
complicated chemical changes during long burial 
in the ground. 

Simple qualitative chemical tests are often 
sufficient to establish the identity of a material, 
but sometimes rather extensive tests are neces- 
sary, including complete quantitative analyses 
anil measurements of physical properties. Micro- 
analytical methods are especially useful because 
it often happens that only small amounts of 
materials are available for investigation. For the 
examination of rare or valuable objects, which 
cannot be altered in any way even to the extent of 
tuning samples for microanalysis, nondestructive 
physical methods must be used. 

The exact identification of a large number of 
specimens of materials, and especially a chrono- 
logical series of specimens, from a particular site 
or group of sites may yield valuable information 
about the cultural status or development of a 
people. The absence of metal among the remains 
of a given people obviously indicates a low’ state 
of technical development and a low state of gen- 
eral culture. The greater the variety of metals 


and alloys utilized by a people, the greater their 
technical development, and, as a rule, the higher 
their general cultural development. The same 
appears to be true of certain kinds of nonmetallic 
mat (‘rials such as glazes and glasses. 

Some materials which serve, as an index of cul- 
tural development may, of course, be recognized 
without chemical aid, but the application of 
chemical methods may make their recognitiog 
more certain* On the other hand, some, kinds of 
materials which are indicative of cultural level 
are not easily recognized for what they are without 
chemical aid. For example, the introduction of 
lead into glazes, or the introduction of less com- 
mon elements, such as cobalt, into glasses, repre- 
sents technical advances which may be, and in fact 
sometimes have been, overlooked in the study of 
ancient remains. 

Chemical methods are apparently not generally 
applicable to the important problem of determin- 
ing the chronological sequence or absolute age of 
materials and objects, though they are applicable 
to a few' kinds of materials and objects, especially 
when supplemented by other methods of relative 
or absolute dating. Ancient remains sueli as wood, 
textiles, and bones that, contain carbon derived 
from plants or animals may now be dated abso- 
lutely by a measurement of the radioactivity of 
th,- carbon they contain, a method developed by 
\V. F. Libby and co-workers at the University 
of rhicago. Its basic principle is that the carbon 
in the carbon dioxide of the atmosphere taken in 
by plants, both now and in ancient times, con- 
tains a fixed proportion of ( Ml with a half-life of 
about iS5S0 years. 

During long burial in the ground a great variety 
of reactions occur between the material of most 
objects and l lie -urrounding soil and ground water. 
(An example % I this is the petrifaction of wood, 
wherein the organic components of the wood are 
gradually replaced by soil silicates.) The appear- 
ance and general condition of objects of the same 
material and of the same age taken from various 
excavation sites may be very different. A bronze 
from one site may be coated with a hard coherent 
layer of corrosion products of the type commonly 
called a patina, whereas a similar bronze of the 
same age from another site may be coated with a 
loose porous mass of corrosion products. Archae- 
ologist * observed that bronze found at Corinth 
was almost always : n a severely corroded state, 
whereas similar bronze of cquul or greater age 
tound at certain other sites in Greece was not so 
corroded. It was found that the ground water at 
Corinth contains a high enough concentration of 
chloride to account for the severe corrosion of the 
buried bronze. 

The deterioration of buried objects is predom- 
inantly the result of chemical change, and it is 
therefore reasonable to expect that the restoration 
of such objects should usually he best effected by 
chemical treatment. The deterioration of bronze, 
for example, is primarily the result of oxidation, 
and the reverse process of reduction should tend to 
restore corroded bronze to its original condition. 
This principle has been applied with much success 
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to the restoration of metal objects by various 
electrolytic reduction procedures. 

The possibilities in the application of chemistry 
to archaeology have by no means been fully ex- 
plored. and much of the work up to the present has 
been of a fragmentary and unsystematic nature. 
Enough has been done, however, to indicate 
dearly that this middle ground between chemistry 
and archaeology is capable of being developed into 
a distinct and systematic branch of applied chem- 
istrv with its own special data, techniques, and 
general lules. 

Earle It. Calk* 

Cross-references: Chemical Doting, Microchcm- 
mtry 


ARMOUR RESEARCH FOUNDATION 

Founded in 1930 to enable a group of staff mem- 
bers of Armour Institute of Technology, now 
Illinois Institute of Technology, to conduct in- 
dustrial research on a contract basis, this Chicago 
organization headquartered at 35th and State 
Streets has become one of the largest research 
foundations in the w’orld. with more than 1100 
full time staff members w r orkiug in 15 buildings 
and handling an annual volume of research expend- 
itures of over $11,000,000, 

The Foundation conducts confidential research 
for industrial and governmental sponsors in the 
form of projects varying in size and duration de 
pending upon their nature. Its research opcrai ions 
are organized into nine departments under chair 
men. The departments in turn are divided into 
about 60 sections, each headed by a supervisor 
responsible for the technical conduct of the proj 
ects assigned to it. The names of the. departments 
indicate the broad scope of the Foundation’s 
activities: Ceramics and minerals; chemistry and 
chemical engineering; electrical engineering; heat 
power; international; mechanism ami dynamics; 
metals; physics; and propulsion and structures. 

The several soetions represent specialized fields 
of talent and experience. For example, the chem- 
istry and chemical engineering department con 
sists of eight sections: chemical engineering, 
physical chemistry, fine particles, biochemistry, 
organic chemistry, plasties, literature, and anulvt 
ical. In addition to these, this department main 
tains three public service activities: (1) the Xa 
tional Registry of Rare Chemicals supplies 
valuable assistance in locating sources of supply 
of rare chemicals for users in all parts of the world; 
(2) the National Registry of Crystallographic 
Data furnishes summaries of crystal data for 
specific compounds to crystal lographers through- 
out the world; (3) the department has been 
measuring and analyzing dust full for the city of 
Chicago since 1946. 

The chemistry and chemical engineering de- 
partment is recognized for its “expert” status in 
the fields of fine particle technology, crystallog- 
raphy, lubricant technology, ozone technology, 
propellants, and rheologv 

Clifford A. Hampel 


AROMATIC COMPOUNDS 

Compounds that contain a ring structure com- 
posed of one sort of atoms only are (‘ailed hoino- 
cyclic. These are divided into two groups (Da 
relatively small number retain the essential char- 
acteristics of aliphatic compounds and are called 
nlicyclic compound »; (2) most of the other ring 
compounds are related to benzene (Call#) or its 
derivatives, and are called aromatic compound s. 
The name is associated with the penetrating odor 
of the first few compounds of this group that hap- 
pened to be investigated, this odor was described 
as aromatic. The classification, however, is not 
limited to an odor or type of odor. Todav all dc- 
rivaties of benzene generall> are classed as aro- 
matic compounds, whether they have an odor or 
not. The benzene ring 
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is U"Uall\ abbreviated b\ a simple hexagon Thus 
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stands for (MDCl 

Benzene has been studied h\ electron dilti action 
and \ ray diffiaction techniques Evidence points 
to a ring of six carbon atoms that lie in one plane. 
One hydrogen atom is attached to each cm bon 
atom. The spacing between udjucent carbon atoms 
in the benzene ring (1 39 A) is less than that for a 
single bond space (1.54A). and close to that for a 
double bond space (1.34A). Benzene does not 
react , however, as if it had typioul double bonds, 
nor does it show the typical reactions of an al- 
ternate double and single bond conjugated system. 
The chemical reactivity of benirne, however, is 
far greater than that of w -hexane (Cdli*). Theo- 
rists have concluded that the correct structure of 
benzene probably resonates between all possible 
structures. The two forms that probably contrib- 
ute most to the structure of henicne are 
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If one* carbon atom in benzene is Libeled ] % 
thon tli«» others mo called 2 thiough « successivcl} 
clockwise around the ting II the mig has one h\ 
diogen cml\ suhstitutod h\ halogen, loi example, 
then onl\ one such compound is known One and 
onh one chlotolxMi/erio is known This tact is 
taken as evidence lhal all the hxdiogcn atoms m 
benzene me equivalent Tluoe dichloiohenzenes 
(CfllCfM.O me known These concspond to po 
sit ions of the chlonue atoms J,2 (oitho), 1,.J 
(met a), and 1,4 (pm a) 
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Burt in (C*1U is i colorless lujiud that hods 
at M) V It has an m om.it ic odoi and it is minus 
cihle with watei Like all hxdrocm boils, it burns 
ieadil\ in an. Hoti/eue, like acetylene, bums with 
a sootx ihime, a charac t rustic ittributed to the 
high pei cent age of caiboti in the compound 
Benzene is obtained in gieat supplx fiom the 
destructive distillation of coal, being finctionated 
fiom coal tar. It can also be made "xntheticall} 
fioin petroleum oi neetvlene 
Benzene tenets with halogens to fonn piod 
uets of vm\ing halogen content (MI« 4 Bij * 
Cfl&IjJii 4 HBi In a Mimlai manner, substitution 
in the benzene ring ran be accomplished bv tgm 
ing nit uc acid (in the piesence of a strong dehy 
drating agent)* CMIo 4* HON'H -■* (*«H.XO| + 
UjO, and by concent rater! sulfuric acid C*H# 4 
1US0 4 (ieHsHOfll + UjO Halogens can also 
odd to benzene as well ah substitute in the ring 
C«IIe 4 301* CiHeCU . Cyclohexadiene, a com- 
pound that show* the reaction* typical of a con- 
jugated system, forms when benzene adds hy- 


diogen 111 the presence ot nickel as a ratal} st 


II 



Benzene is a iiselul solvent and it is an additive 
in motoi fuel because of its high antiknock value 
It is the st ai ting material iirun which a nuinbei 
ot useful substances is marie including st\ione, 
chlorobenzene, phenol, nitioben/one dipheml 
(hiphcml), phthalic mih\ rbirle, mid othcis The 
vapois ol benzene me toxic 

Siam compounds aie known in which the ben- 
zene ling is attached to othei benzene lings This 
attachment cun occur end to end .is in dipheml 
(biphem 1) 



Dipheml is burned when benzene vapoi is par- 
tialh decomposed h\ heating it aboxe G(X) C in 
the piesence ot non This eoloiless rixstalbne 
lonipound melts at about 60 f 1 and boils at 251V 
It is stable enough to be used siirressfulh as a 
heat tiMlisfci agent 

» s irle to side attachment ot two benzene lings 
M'siilts in naphlhiilint 



1 compound 1 * lined h\ the fi 1 et 10 n.it 1011 ot eoal 
tar md an than u 



i1sj» horn the sune *ouicc Denvatives oi both 
1 oinpounds ue used in dxes Tlnee benzene lings 
111 ik<* pin mi nth mu 



une of the compounds that contain multiple 
benzene lings aie known to be caicmogenic (ean- 
cer-pmducing) Methxlehol anthiene 

Cl!, ('ll. 



m one prominent example 
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The substitutent OIIj in the benzene ring 
forms toluene , CalftCHi , a well known hydro- 
carbon. Although some toluene is made from coal 
tar, most of it is manufactured from petroleum. 
Toluene is a colorless aromatic liquid that boils 
at 110.8°(\ When strongly nitrated, it forms the 
well-known TXT, (symmetrical trinitrotoluene) 
Mint is a powerful explosive that can be handled 
•Vith relative safety. 


UH» 
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The next hydrocarbon in the series, is cthylben- 
fene (CJIjCsIIj,) . 

Three dimethylbenzenes or xylenes are known 
[o-, m- t p - CeH^CHjhl- They differ slightly in 
boiling points, and are used as solvents, often 
mixed in commercial preparations. 

Styrene (OoIItCI!— (Ul«) is a liquid that boils at 
146°C. It. is an example of an unsaturated aromatic 
hydrocarbon. Styrene is the base material for the 
manufacture of many thermoplastic polymers 
(polystyrene) . 

All the classes of compounds known in aliphatic 
chemistry have their counterpart in aromatic 
chemistry. We shall limit our examples to a few 
illustrations of each sort. 

Aromatic hydroxides are called phenols. Ordi- 
nary phenol (CeHfiOH), which has been described 
as a pink slush, melts at 11 o r and boils at 182°C. 
The compound has a characteristic penet rating 
odor. It is widely used in the manufacture of 
resins. Some phenol is obtained froin-coal tar, but 
most of it is manufactured synthetically. 

1,2- Dihydroxy benzene (ortho) is called catechol, 
the meta compound (1 ,3-dihydroxy benzene) res- 
orcinol, and the para compound (1,4-dihydroxy- 
benzene) hydroquinone. Catechol is used in the 
synthesis of adrenaline, a powerful stimulant. 
Resorcinol is used to make hexyl resorcinol, a 
urinary antiseptic. Ilydroquinone is used exten- 
sively ns a developing agent in photography. Tri- 
hydroxy benzenes are also known. 

Phenols are not similar to alcohols in properties. 
An example of an aromatic alcohol is benzyl al- 
cohol (CeHfiCHjiOH). This compound and its 
esters are used in perfumes. 

Diphenyl ether (CbIIj-jO is a colorless solid 
that melts at 28°C. It lias a geranium -like odor, 
and it is used as a heat -transfer agent because of 
its stability. 

Aromatic aldehydes are represented by bcnzalde - 
hyde (C a IIsCIfO) which is found in nuture and is 
called oil of bitter almonds. Another important 
aldehyde is vanillin |4-hydroxy-3-methoxybenzal- 
dehyde, 1 ,3 I 4-C.IG(CH())(OCH,)()H| i which is 
found in nature and which is manufactured syn- 
thetically. 

Like aliphatic ketones, aromatic ketones may 
be simple or mixed. The least complicated of the 
simple ketones is diphenyl ketone (CeHtCOCaHb), 


or henzophenonc. Its melting point depends on the 
form it takes. It boils at 305°(\ 

The simplest aromatic amine is aniline (C*«IL a 
Nils). Many derivatives of aniline are known. 
Aniline can be made b\ the reduction of nitro- 
benzene, or by the reaction of chlorobenzene with 
ammonia. Aniline is the parent compound of many 
dyes. Aniline tends to destroy red blood cells in 
the body, so it should be handled with care. 

Aromatic acids of the carboxylic type are repre- 
sented by benzoic acid (('nIl. l ( , ()()H) as the simplest 
member. Hcnzoic acid or its sodium salt is used 
extensively as a food preservative. Three phtlmlic 
acids (dicarboxylic) are known: phthalic anhy- 
dride [CJMOOhiOl is made from the ortho- form; 
it is important in the manufacture of resins, to- 
gether with glycerol. Other important aromatic 
carboxylic acids include cinnamic acid ((ML* 
(TI—fTlCOOUj, an unsaturated acid which oe 
curs in nature, anil salicylic acid ((' b IL(>H( ’OOII ) 
which is both a phenol and an acid. Salicylic acid 
derivatives are widely u*ed Methyl salicxlate is 
oil of w intergreen, anti acet> Nalicylie acid is 
uspirin. 

The groat variety of aromatic compounds is 
more fully appreciated when one realizes that 
substitution in the benzene ring by halogen, NIL , 
SO all, NH 2 , and other groups i.s posable In ad 
dition, a great variety of side chains can be used, 
and also combinations of them. Man\ of the aro- 
matic compounds are extremely valuable as medi- 
cines, dyes, antiseptics, anesthetics, and flavor 
ings. 

Elmer? (\ Whwhit 
Gross -references: Aliphatic Compounds, Alley 
, clic Compounds 


ARRHENIUS, SVANTE AUGUST (1859-1927) 

Born at the estate of Wik, near Lake Malar, 
Sweden. In 18S4, his classic doctoral thesis, 
“Recherches sur la conduct ibilite galvaniquc des 
electrolytes” was reluctantly accepted by the 
University of Fpsala. This work expounded for 
the first time the theory of electrolytic dissocia- 
tion. Arrhenius visited Ostwald in Riga, Kolil- 
rausch in Wurzburg, Boltzmann in Graz, and 
van't Hoff in Amsterdam In 1.887 he published a 
much matured version of his theory in the Zeit- 
schrift fur Physikalischc C hemie . The essential 
qualitative idea of his theory, which is now a cor- 
nerstone of physical chemist r \ , is that acids, 
bases and salts split up spontaneously in water 
and some other solvents. With this idea, and a 
quantitative method, since greatly modified, of 
calculating the degree of electrolytic dissociation, 
Arrhenius w r as able to explain an extraordinarily 
wide number of phenomena, c.g., the constancy of 
the* heat of neutralization, the high osmotic pres- 
sure of electrolytes, the increasing molar conduc- 
tivity and osmotic pressure of electrolytes with 
dilution, the equal chemical activity of all strong 
acids, etc. Another fundamental contribution to 
chemistry was his suggestion that only “acti- 
vated” molecules, bearing energies higher than 
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average, can undergo chemical reaction. It re- 
mains the basis of our views of the mechanism of 
chemical reactions. In particular, the Arrhenius 
equation for the variation of the rate of a chemi- 
cal reaction with temperature (1889) is very widely 
applied. Arrhenius received the Nobel prize for 
chemistry (1903), the Davy Medal of the Royal 
Society, and the Faraday Medal of the Chemical 
Society. 

Bernard Jyffk 


ARSENIC AND COMPOUNDS 

Arsenic, symbol As, is a brittle, steel-gray metal 
jf atomic number 33 and atomic weight 7-1.91. It 
is located in Croup V A of the Periodic Table with 
nitrogen, phosphorus, antimony aiid bismuth, 
and is 47th in order of occurrence of the elements 
in the earth’s crust. Its compounds, such as the 
oxide, Asy(b , and the sulfides, have been known 
since ancient times. While native arsenic has been 
found, it most commonly occurs as the arsenides 
and Milfarsenides of heavy metals like copper, 
lead, gold, cobalt .v,'d iron. As a frequent constit- 
uent in many ores it is derived chiefly as a by-prod- 
uct in the production of metals, almost always as 
arsenic trioxide, or “white arsenic,” AsoO, . When 
arsenic containing ores are roasted in the air, 
\sj()i sublimes, is condensed as a dust, and then 
recovered as a high purit> material. Arsenic can 
be sublimed from arsenopyrite minerals, e g , 
FeAsN, and purified by repeated sublimations in 
the presence of carbon. It can also be obtained by 
the reduction of AmjOj with carbon. The available 
supply of arsenic trioxidc has exceeded the con- 
sumption for many years. The current price of 
arsenic metal is (Kty per pound, and that of arsenic 
trioxide is 5.<V per pound. 

The physical properties of arsenic include: 
density, 5.73 g/cc (crystalline form); melting 
point , 81 1°r (36 atmospheres); boiling point, sub 
limes 610 Q (’; specific beat, 0.082 cal/g/ (’ ( 0 ° 
lOO’O; latent heat of fusion, 88.1 cal/g; latent 
heal of vaporization, -111 eal/g; coefficient of 
thermal expansion, 1.7 X 10 * (25°(’); electrical 
resistivity, 33.3 microhm-cm; hardness, 117 
Brinell; thermal neutron absorption cross section, 
4.3 barncs. Arsenic crystallizes in the rhombo- 
hedral system, and two other forms exist; black 
aniorphous (density, 3.7) and yellow cubic (den 
sitv, 2 . 0 ). 

Arsenic tarnishes in air and when heated in air 
or oxygen burns to form As s O., . It is oxidized to 
orthoarsenic acid, IIiAsOi , by concentrated 
TIN'Oj or 1I-jS() 4 , and is slowly converted to AsCIi 
by concentrated 11(3 in the presence of air. The 
halogens react with it directly to yield the tri- 
halides; the only pcntahalide known is AsF t . 
When fused with alkalies like NaOH, arsenic 
forms arsenites, AsOr. It unites directly with 
many metals to give arsenides of definite compo- 
sition, c.g., Z 113 AH 2 f MgaAs 2 , Co As 2 , etc., and 
reacts with sulfur to form di-, tri- and pentasul- 
fides: Ah*S 2 (realgar), As 2 8 3 (orpiment) and As 3 S& . 
Tri valent and pentavalent arsenic oxides, oxygen 


acids and salts and thio salts are known. Arsenic 
trioxide is the most important compound of ar- 
senic. It is oxidized by HNO s or CU to orthoarsenie 
acid, from which arsenate salts are made by neu 
tralization. Arsine, AsIIi , is formed when arsenie 
compounds are placed in a zinc-ll 2 S 0 4 hydrogen 
generator, as in the Marsh test for detecting 
traces of arsenic. It is an extremely poisonous gas 
that dissociates into H 2 and As when heated. 

Arsenic has no use as a pure metal, but when 
alloyed in small amounts with lead increases the 
hardness of Icad-hase bearing materials and forms 
more perfect spheres when making lead shot 
Small amounts increase the corrosion resistance 
and toughness of copper. TlieHe alloying uses eon 
smile only a few* hundred tons per year. 

Long regarded as synonymous with the word 
“poison,” the toxic nature of arsenie in compounds 
accounts for its major applications as insecticides 
( Paris green, or copper acetoarsenite, lead and 
calcium arsenates, etc.), wrood preservatives (so- 
dium arsenate, Ah ? (>, . etc.), pharmaceuticals 
(Salvarsan, Ncosalvarsan, etc.), sheep dip, poi- 
soned baits, weed killers (sodium arsenate), and 
hide preservatives. All these products are derived 
from AH 2 O 3 , w T hich is also used directly in glass 
manufacture. Adamsite and lewisite are important 
arsenic -containing chemical warfare agents. The 
greatly expanded usage of organic insecticides 
lias made profound inroads into the consumption 
i f arsenical insecticides, the principal outlet for 
arsenic. Fur example, the consumption of white 
arsenic, AsiO-i , in 1952 was lf>,(XX) tons, a D% 
decline below 1951. A serious problem faces the 
nonferrous metals industry which perforce must 
find new outlets for by-product As?()a or dispose 
of it in a safe .naiiner. 

The most elft c« ive antidote for arsenic poisoning 
is freshly prepmed ferric hydroxide (from ferric 
chloride and milk of magnesia) which forms an 
insoluble nontoxic compound with arsenic tnox- 
ide. 

(’mfford A. Ham cl 1 


ASBESTOS 

Asbestos is a broad term applied to a number 
of fibrous mineral silicates found in the natural 
state in the earth: actinolite, antliophyllite, 
amosite, chrysotile, erocidolite, and tremolite 
Hie most important single source of chrysotile 
asbestos is the province of Quebec. 

The structures of asbestos fibers have been 
studied by many investigators using x-ray diffrae 
tion patterns as a method of identification and 
classification. These patterns have been fairly well 
established for the amphibole group; those of the 
serpentine group, which includes chrysotile ii*» 
best os, have been the subject of recent intensive 
studies that have indicated that the fibrils are 
tubular. The curled structure of chrysotile has 
been discussed in detail by applying the theory of 
diffraction and small angle dispersion, wide-angle 
interferences and displacement growth of volutes. 

Most asbestos fibers appear in nature as parallel 
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Fin. 1. Electron micrograph of asbestos fibers 
(about 25.000X). 


fibrils closely packed and at right angles or parallel 
to the wall rock. In some cases, t lie amphibole 
libers have random orientation and appear as 
mass fibers with weak bonding structure. Fiber 
lengths vary from microscopic to one inch and 
longer; cross sections of fiber bundles, from 10 # 
microns and larger to submicroscopic measure- 
ments of 300A or less. Asbestos fibers contain in- 
dividual fibrils smaller than any other known 
natural fiber, and this may be one reason for their 
great reinforcing strength. 

The approximate chemical analyses of five as- 
bestos fibers are as follows : 


(Expressed in percentages) 



Amositc 

Anthophyllile 

Chrysotile 

SiO, 

•19-53 

56 -58 

37-44 

Mk<> 

1-7 

28- -34 

39-41 

FcO 

34-44 

3-12 

0.06.0 

Fe 2 Oi 

— 


0.1 5.0 

A1 2 0, 

2 -9 

0.5-1 .5 

0.2-1. 5 

H*0 

2-5 

1.0 6.0 

12.0-15.0 

CaO 

— 

— 

Tr-5.0 

Na*() 

Croc idol ite 

Trcmotile 


SiO* 

49- 53 

51-62 


MgO 

0-3 

0-30 


FeO 

13-20 

1. 5-5.0 


Fc*Oa 

17-20 

— 


Al*0* 

— 

1 .0-4.0 


Hrf) 

2.6-I.5 

0-5.0 


CaO 

— 

0-18 


Na-0 

4-8.5 

0-9 



The effect of temperature on the loss in weight 


of chrysotile asbestos is shown below. Its water 
of crystallization at temperatures above 1(XK>°F 
is driven off, leaving the fiber in a weakened con- 
dition, which eventually changes the x-ray diffrac- 
tion pattern of chrysotile to that of forsterite, 
then olivine at temperatures of 1500°F and higher. 
The amphibole fibers arc more resistant to heat 
and remain in fairly good condition until high 
temperatures cause oxidation of the iron, or fusion 
sets in. 

Effect of Temperature on Loss in Weight 
of Chrysotile Asbestos Fibers 


Temp. L F 

Time 

* Loss in W'cifjht 
Chrysotile 

400 

2 hr. 

0.30 

600 

2 hr. 

0.85 

700 

2 hr. 

1.78 

800 

2 hr. 

2.17 

900 

2 hr. 

2.83 

1,000 

2 hr. 

3.99 

1,100 

2 hr. 

10.38 

1 , 200 

2 hr. 

12.75 

1,400 

2 hr. 

13.43 

1,500 

2 hr. 


1,600 

2 hr. 

13.62 

1,700 

2 hr. 


1,800 

2 hr. 

13.77 


Asbestos fibers are extracted from the ore in a 
manner different from normal ore-dressing meth- 
ods. The ore is first crushed to convenient handling 
size by a series of jaw crushers, cone crushers, or 
sometimes rolls. This crushed om* which is about 
r *U to 1 in. in cross section, is dried by conventional 
horizontal rotary driers or by vertical driers and 
conveyed to a storage building to allow additional 
“aging.” The ore is then drawn off at the bottom 
of the. storage bin and screened over large mesh 
screens to separate the large pieces of uncrushcd 
ore from the fine ore and liberated fiber. At this 
stage, the large pieces of ore may be further 
opened by crushing or by some type of hammer 
mill. 

Screening of the crushed ore and fiber is usually 
accomplished by some type of shaking screen with 
a small gyratory motion to aid the movement, of 
the ore and fiber down the slope of the screen. 
Near the lower end of the screen is a suction hood 
at. a point 3 or 4 in. above the moving material to 
pick up the loosened fiber which works to the top 
layer of rock and to aspirate it into a collector. 
In the first screening operation, the screen meshes 
are usually of the order of .to in. and are 
decreased in size as the ore becomes smaller. The 
entire operation consists of nuiticrous screenings, 
crushings, and aspiratings of. the recoverable 
fibers until all fibers of any conlmercial value are 
recovered. The different fiber sizes removed from 
the various screens are later treated separately 
by mechanical willows that fluff the fiber to pro- 
duce various grades directly or to regrade it to 
meet the specifications established by the Quebec 
Asbestos Mining Association. All extremely short 
fibers and dusts are picked up by collectors or 
bag filters and graded oh shorts or floats for in- 
dustrial use. 
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Tho most important uses of asbestos fibers are 
in asbestos-cement products, such as shinies, 
pipes, board, and corrugated and fiat sheets! 
Asbestos is used also in papers, textiles, packings, 
floor tiles, cements, plastics, roof coatings, putties, 
insulating jackets, insulating blocks, friction ma- 
terials, millboards, welding rods, paints, pipe 
coverings, and filter media. Approximately 
1, (MX), 000 tons of asbestos of all grades and varie- 
ties were used throughout the world during 1055. 

M. S. BmiolijKT 


ASPHALT 

Asphalt is man’s earliest organic engineering 
material Its use as an adhesive and waterproofing 
material dates back to the dawn of civilization. 
It is still used for these purposes today; huge 
(plant ities are employed in roadbuilding, roofing 
and various types of repair woik w'liere its water- 
proofing properties are required. It is also used 
hi minor quant ities in rubber and adhesive com- 
pounds, rope sizing, insulation, etc. The words 
lutumtn and asp/utll are often confused. To 
eliminate this <onl\iMOu the VSTM established 
these definitions in 1035: 

(A) Relating in general to bituminous ma 
tennis Hitunnns: Mixtures of hydrocarbons of 
natural or p\ rogeiious origin, or combinations of 
both, frequently accompanied by their nonrne- 
tallic derivatives, which max be* gaseous, liquid, 
semisolid, or solid, and which arc completely solu- 
ble in cal bon disulfide. 

( H ) Relating specifically to petroleum asphalts. 

I spha/l: V dark brown to black cementitious ma- 
terial, solid or semisolid in consistency, in which 
the predominating constituents are bitumens 
which occur in nature as such, or are obtained by 
refining pet roleum. 

The general connotation of os pint It implies also 
the crude mixture of bitumens with adventitious 
impurities, such as silt, clax , or mineral matter. 
Another term commonlx used is natural asphalt , 
(asphalt containing impurities and found in na- 
ture, (Cuban, Trinidad, etc.). Oceasionallx the 
term natural hit a tarns is used those found in 
nature but free of mineral matter and also soluble 
in cal boil disulfide (wurtzilite, gilsonite, imp 
sonite, elateritc, and grahamite). 

The world’s largest deposits of asphalt, rivaling 
tho Middle Must oil fields, arc the Athabasca tar 
sands of Canada. Recent estimates give the area 
as 30, (XX) si pi a re miles, estimating a reserve of 
this asphalic oil, or liquid asphalt, as somewhere 
between 200-300 million barrels. It also occurs in 
California, Mexico, Trinidad, Venezuela, Iran and 
other oil-bearing regions. 

Commercial Asphalts. There are five commer- 
cial types of asphalts in use today. They differ as 
to their origin, purity, und chomical constitution: 

(A) The natural asphalts of high purity, often 
designated as “natural bitumens” (gilsonite), 
usually mined as solid material, used mostly in 
special lacquers in the insulation field. 

(B) The natural impure asphalts , such as the 
Trinidad and Bermudez Lake, and small amounts 


of native Cuban asphalt. Trinidad asphalt con- 
tains about 34% of fine (colloidal) clay or mineral 
matter. 

(0) Petroleum or oil asphalts. The latter have 
also been designated as “artificial asphalts”. This 
constitutes by far the largest quantity of asphalt 
used today. In the vacuum and steam distillation 
of asphaltic petroleum, crude oil is reduced to the 
penetration, or hardness, to fit various specifica- 
tions. This produces the so called “straight -run”, 
or paving, asphalts. Soft or fluid residues are also 
produced by this method and are termed “fluxes”. 

(1) ) Roofing or "blown” asphalts . Following the 
above straight-run, vacuum asphalts in value and 
in quantities consumed are the 1 blown types made 
by oxidation of a straight-run petroleum residue 
or flux. Oxidation is carried out by the use of air 
at from 450 (HX)°F, obtaining roofing and specialty 
asphalts, usually of rubber or gel character. 

(10) Crarktd asphalts are a by-product in oil - 
cracking operations. The fluid residuum, or crack 
ing coil tar, is by product is used in the form of 
road oils or is steam -reduced to hard consistency. 
These materials are characterized by high sun 
eeptibilitv to temperature changes. 

Physical < '.(institution. Asphalts free from 
inorganic mutter and the hydrocarbons composing 
them are almost completely soluble in carbon 
disulfide, carbon tetrachloride, pyridine, and simi 
lar solvents. A small percentage (less than 0 5% 
(»♦* the total soluble material) may be insoluble in 
benzol or carbon tetrachloride due to traces of 
cracked material called carbenes or earboids. The 
portion insoluble in carbon tetrachloride but solu- 
ble in carbon disulfide is termed “carbene”, a 
word coined by Richardson in 1005. He believed 
these \x ere deleterious products formed by crack 
i».g or overheating. MacKenzie studied these ma 
terials in 1020 n.»d greatly contributed to a knoxvl- 
edgo of test methods. 

Asphalts are only partially soluble in low -boiling 
paraffinic hydrocarbons, such iis SO ll£. paraffinic 
naphtha, pentane, propane and hexane; these hx 
drocarbons dissolve the oil and resins, precipitat 
ing the asphaltenes 

In studying the various so called “groups” in 
asphalts, it is customary to work with the pure 
material, free of mineral or inorganic material; 
the petroleum asphalts, already free ot ash. are 
separated diiectly In the ease of the natural 
asphalts containing mineral matter, etc , these* 
‘mpuritics must be liisi lemoved by solution and 
nitration. 

Designation of soluble constitut nts. Tlui distinc- 
tive character of the naphtha insoluble material 
gave rise to the concept that ash-free asphalts are 
physically not homogeneous materials, but appeal 
to be of quite heterogeneous character, depending 
on the temperature. This led early investigators 
to employ various solvents for identification and 
classificat ion purposes. 

Methods of group separation. Procedures used 
today are based on the earlier work of Marcusson: 

(A) Asphaltenes: the insoluble matter or pre- 
cipitate formed when asphalts are. treated with a 
5-10 volume excess of pentane, hexane, or 86-88 
B£. paraffinic naphtha usually in the boiling range 



ASPHALT 


106 


of 40-60°C. Empirical formula probably 
Sj(); m.w. 1216 (Bestougeff). 

(B) Petrolenca (malthenes, maltciies): the por- 
tion soluble in the above solvents. Ma truss on 
further split (B) into resins and oils by adsorbing 
fraction (B) on Fullers’ earth, alumina, and other 
adsorbents, obtaining the unadsorbed oils, and 
extracting the adsorbent with chloroform to ob- 
tain the resins. Investigators today also use ad- 
vanced chromatographic techniques. 


ASPHALTIC BITUMEN 


SO LUBLES IN CARBON TETRACHLORtOE 

SOLUBLES IN PElROLEOki ETnER "f 

^ bT iSS& S&ff I 

Wmm mTS | ADSOmEMTS 

otLY comnwEmrs \ asphaltic reshS 

~ NAUENCS 

Fractional Constitution of Asphaltic Bitumen 
as Determined hv Selective Solvent Analysis. 
(Neppe) 

Chemical Const it lit ion 

Asphaltenes. This group is precipitated by low- 
boiling, paraflinic hydrocarbons They are nor- 
mally brown to black, hard, friable, infusible 
powders, insoluble in acetone, ethyl ether, dilute 
alcohol, but are soluble in polar solvents, such as 
pyridine, nitrobenzolc, carbon disulfide, carbon 
tet/achloride, benzole, etc. 

Asphaltenes react with sulfuric acid, forming 
sulfonation products, soluble in water. They also 
react with nitric acid, and can be condensed with 
formaldehyde to give the so-called fonnolites of 
Xastjukoff. This reaction is not undergone by the 
paraffins, olefines, naphthenes, ketoqes and sulfur 
compounds, hut primarily by cyclic unHaturated 
compounds also found in the resin group. The 
asphaltenes may he hydrogenated to form resins. 

The range of values is broadly between 9000- 
140,000 by the monomolecular film method and of 
a lower range from 1200 to 1400 for very narrow 
and precisely separated fractions. (Bcstougcff). 

The carbon-hydrogen ratios are generally close 
10:1 . the range being from 9.3—12.1 . Cracking still 
residual asphalts show more clearly a ratio of 
12:1. The hydrogen content is lower than in the 
case of the resins. Sulfur is concentrated in this 
fraction and may be as high as 8-0% for asphalts 
showing a total sulfur of 6-6.5%. * 

Resina. This group comprises semisolid to solid, 
dark-colored materials showing extremely high 
ductility and great adhesivity. They are soluble in 
the petroleum low -boiling hydrocarbons which 
precipitated the asphaltenes and are also soluble 
in polar solvents, benzol, chloroform, but not en- 
tirely in propane and lower molecular weight, hy- 
drocarbons, or gaseous petroleum fractions. These 
materials are easily hydrogenated to oily ma- 
terials and are converted to asphaltene material 
by oxidation. They may* also be sulfonated, form- 
ing ill -defined sulfonates and sulfonium com- 
pounds. 

The molecular weights of the resins lie in the 



range of 800-000. Bcstougcff shows values of from 
000-1300 by viscometric methods. 

The carbon -hydrogen ratio is approximately 
8:1. Bcstougcff obtains a ratio of 0.6:1 for narrow* 
chromalogruphically separated cuts, and 10.1 for 
a California resin. 

The resins generally show more hydrogen than 
the asphaltenes but also less sulfur. By drastic 
hydrogenation they may be converted to oily ma- 
terials of low*er molecular weight. 

The resins are quite free* of saturated hydro- 
carbons. Those compounds which are rich in nitro- 
gen are derived from high nitrogen -content Cali 
fornia type crudes. The molecular weight and 
(711 ratios of the resins overlap the constants 
given for the asphaltenes. 

Oils. The oily components which are the dis- 
persion media (external phase) for the peptized 
asphaltenes or micelles, arc exceedingly high- 
boiling hydrocarbons, similar to the lubricating 
oils in crude petroleum. These oils innv bo puraf- 
linie and contain solid w r a\es in addition; they 
may also be of so-called napht henic. or naphtheno- 
aromatic nature, of low viscosity index, with or 
without solid waxes. The oily groups arc soluble 
in low boiling petroleum ether and most other 
organic solvents. The oils, as the resins described 
above, are also soluble in pentane, hexane. 

Physically they appear as yellow to reddish 
colored oils of scmisolid consist cnc\ , showing a 
bluish nr greenish cast by reflected light. Tliev 
arc usually of saturated nature although the iodine 
number may be relatively high, depending on the 
origin (derived from vacuum asphalts or cracked 
products). 

They may be converted to resins in dehydro- 
genation reactions; the generally saturated por- 
tions of the oil group are, in the main, stable to 
air or oxidation reactions; condensation tend inns 
such as the formoiite reaction, often take place 
with some portion of the oils feyelies). (Jruse and 
others consider asphalts to be derived from crude 
petroleum by oxidation, dehydrogenation, and 
sulfurization reactions forming first the resins, 
carboxylic acids, etc. 

The molecular weights of the oils are in the 
range of about 280 to slightly over 600, the average 
about 450; Iloiborg states that molecular weight 
values range from 290 to 630, for six asphalts in- 
vestigated. 

The carbon -hydrogen ratio for the oily com- 
ponents ranges from 6.8 to slightly over 8.0; a use- 
ful constant to determine the types of hydro- 
carbons present in oily fractions is known as the 
U. O. P. characterization factor. This constant 
will range from about 10.4 for the oils from highly 
cracked asphalts to 12.05 for oils from the Mid- 
Continent paraffinic types. A general average for- 
mula for the oils lies in the area of from Culls** • 

tO Cnllsn-lS ■ 

Cracked Asphalts. Asphalts derived from oil- 
cracking processes are very adhesive but highly 
temperature-susceptible. Usually free of carboids, 
they may show carbene material. 

Blown Asphalts. Discoveries of new oil- 
producing areas after the early discoveries in 
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Pennsylvania led to the* development of Ohio and 
Indiana crude oil. These scmiasphaltic and part- 
paraffinic crudes produced waxy residues quite un- 
suitable for roads or roofing purposes. 

Blown asphalts suitable for rooting purposes arc 
processed so as to produce a “rubbery” or tough 
structure in the bitumen. These asphaltR show 
properties quite different from the straight -ruu, or 
vacuum, asphalts. 

Vai uum Asphalt Air-Blown Asphalt 
Penetration index Approx. 0 Over 1.0 
(Pfeiffer -Van Door- to —1.0 
inal) 

Fluidity at tempera High Low 

tures over 2U0°F 

Ductility at 77°F (cm) High Very low 

By air-blowing, products of high melting point 
are formed. The latter increases with time of blow- 
ing. The increase in asphaltenes at the expense of 
resins and oils is very pronounced in blown as- 
phalts. 

The reactions taking place in this proeess (200- 
325*0 are primarily those of dehydrogenation, 
water being a. W/.;'**'»iluct in all blowing oper- 
ations. It HIP 4- (.) — » ► HH' 1 Il 2 (). During this 
phase, or early stage, the iodine number remains 
constant; with long duration of blowing the reac 
t ion is probably 15 : >('11 t , ll<. 4- O ► XMV 
f HjO 

In order to simplify the study of asphalts recent 
investigators prefer to regard the mixture of 
resins and oils as the total dispersion medium for 
the micelle This mixture of oils ami resins is com- 
monly called the petrolene or malt hone fraction. 

Structure of !V>drocur!»on Groups. Structure 
varies considerably, depending on the origin of the 
asphalt. The carbon skeleton is most important. 
It forms the greater portion of the molecule and is 
highly cyclic. As the rings result from copolymer- 
ization of simpler elements, the asphaltene mole- 
cule may be considered as ring type. 

The oil components in asphalts are structurally 
very similar to the lubricating oils from pet roloum. 
They are composed of single or condensed naph- 
thene rings containing several side chains of 
varying lengths. The greater the number of these 
aliphatic side chains, the nearer the total molecule 
approaches true paraflinicity; the longer the side 
chains the higher is the solidification point of the 
hydrocarbon. Beside the naphthene type rings 
present also are the alkylated aromatic hydro- 
carbons of very high boiling point. Rossini and 
collaborators have verified the presence of the 
latter types in a so-called paraffin-base crude from 
the Ponca City oil field. Tlio total oily hydro- 
carbons may also be a composite group with rings 
or nuclei of from 3 to 0 in the molecule, of which 
one to four may he aromatic. 

The paraffinic or the aromatic or naphthenic 
nature of the oils greatly determines the extent or 
degree* of the heterogeneity of asphalts, and their 
behavior in use; this homogeneity is closely re- 
lated to the fineness of the asphaltene dispersion, 
dependent on the low or high . degree of paraf- 
finicity or aromaticity of the oils. Assuming the 


same content and type of resins, the asphaltene 
micelle is best peptized in oils of aromatic or 
naphthenic nature, resulting in homogeneous as- 
phalts, or those in which the asphaltenes are 
almost in true solution. 

Neighboring nuclei could easily condense or 
cyclize at points a, b, c, etc.; the structure must 
be visualized sis three-dimensional. 

Any porphyrin compounds of vanadium and the'* 
heavy metals will be present in the asphaltene 
fraction so that great care is necessary in the 
separation and analytical techniques. 

The resins also appear to be devoid of aliphatic*. 
Their structure is in the main naphtheno-aro- 
matie, with atoms of sulfur or oxygen in bridge 
linkage. As to the latter elements intending nitro- 
gen, it has been found that the sulfur linkages 
appear in the groups derived from decidedly high 
sulfur asphalts (Mexican and the Mid-Kant as- 
phalts), the oxygen groups or linkages in Baku and 
the Texas tvpe resins, with fairly high nitrogen 
content linkages in those resins from the heavy 
base asphalts of California origin. 

As stated above, the structure of the resins is, in 
general, similar to that of the asphaltenes, with 
perhnp.- much longer alkyls or more numerous 
chains in the molecule. There is considerable over- 
lapping in the molecular weight and (J/H ratio of 
the resins and asphaltenes. 

K. J. Bakth 

Rheology. For man) applications the llow or 
rheological properties of asphalt are of primary 
importance. Asphalts can be divided into two gen- 
eral classes: those with purely viscous flow char- 
acteristics and those with plastic characteristics. 

When the various components which constitute 
an asphalt ai.» in a state of true solution, the 
asphalt has tin- characteristics of a purely viscous 
liquid. The application of a stress to such a ma- 
terial will produce a deformation which is directly 
proportional to the applied stress and the viscosity 
ol the material will be independent of tins shearing 
rate. Most of the asphalts used in road construc- 
tion and manufactured by vacuum flashing or 
vacuum distillation of petroleum closely approach 
this type of rheological behavior. 

When the solubilizing power of the lower molec- 
ular weight components of the system is not suffi- 
cient to maintain the less soluble components 
(polar compounds, higher molecular weight aro- 
matic compounds and higher molecular weight 
organic sulfur, nitrogen and oxygen compounds) in 
solution, the occurrence of molecular association 
between various of these components leads to the 
formation of sufficient intormnlecular structural 
characteristics to confer on the system the rhe- 
ological properties of colloidal systems. These 
properties include elasticity, the existence of a 
yield value and variation of viscosity with shear- 
ing rate. When such a material is subjected to a 
small stress, an elastic deformation occurs, and on 
removal of the stress the material rebounds to its 
original position. If the applied stress is increased 
sufficiently, there will occur a permanent deforma- 
tion beyond the elastic deformation which is not 
recovered when the stress is removed. The point 
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at which this phenomenon in first observed is 
termed the yield value or yield stress This char- 
acteristic is of great practical importance in roof 
ing applications and in other instances where the 
asphalt is placed on a sloping surface where it is 
subjected to a continual small gravitational stress. 
Even the hardest asphalt will gradually flow under 
such stresses unless its yield value exceeds that of 
the applied stress. When the viscosity of such 
materials is determined, it is found that the ob- 
served value of viscosity decreases as the rate of 
shear is increased. This characteristic is of value in 
applications which require the asphalt to survive 
sudden applications of stress which produce high 
rates of shear. 

The imperfect solubilization of the higher molec- 
ular weight and more polar components engender 
ing these plastic properties may be brought about 
by an insufficient concentration of low or molecular 
weight aromatic and heteroaromatic components 
as a result of (1) natural occurrence of a high ratio 
of paraffins and naphthenes to aromatics and het- 
croaroinatics, (2) conversion of low and medium 
molecular weight components into high molecuhit 
weight components of low* solubility by means of 
coupling reactions such as those which occur in 
oxidation of asphalt at elevated temjieratures, oi 
(3) decreasing the relative concentration of solu 
biJizing components by the addition of paraffinic 
and naphthenic components to the system Most 
of the processing of asphalts is designed to uccnin- 
plisu changes in rheological characteristics by one 
or more of the lat ter two mechanisms For a com 
prehensive discussion of the rheological properties 
of asphalts and their dependence on composition, 
see Pfeiffer, el al , ‘‘The Properties of Asphalt 
Bitumen.” 

Action of Ariilh al Ordinary Temperatures. 
Asphalt resists attack by dilute sulfuric acid and 
hvdrochloiic acid in all concentrations; it is at 
tacked by concentrated sulfuric ami by nitric acid 
in all concentrations Concentrated sulfuric acid 
converts the aromatics and heteroaromatics into 
preferentially water soluble sulfonic acids The 
combined oxidizing and nitrating power of nitric 
acid leads to products containing nitrogen, little 
is known of their composition, although intro 
aromatics are l>elieved present Paraffins and 
naphthenes generally are not attacked b> sulfuiic 
acid. The passage of h\drogcn chloride gas 
through the material results in appreciable hard 
ening, the extent depending on the amount of 
nitrogen bases converted to hydrochlorides or 
polymers 

Action of Ukalicis. Asphalt is not attacked In 
concentrated alkaline solutions at ordinary tem- 
peratures, but dilute alkaline solutions react with 
acidic constituents to form salts such as sodium 
naphthenates w hich serve as excellent emulsifying 
agents for the asphalt. 

Artion of Sulfur. Reactions between asphalt 
and sulfur take place at temperatures above about 
3fi0°F to give products of high molecular weight 
and low solubility. This is not exactly analogous to 
the vulcanization of rubber, since olefins usually 
are not found in asphalts. Rather, the reactions of 
sulfur with asphalt are similar to those of oxygen, 


wherein most of the Hulfur is released as hydrogen 
sulfide and only 7 a small pari remains. Dehydro- 
gcnution-coupJing reactions probably are impor- 
tant as in the case of oxygen. 

Action of Halogen*. The reactivity' of halogens 
and hnlogenatcd compounds with asphalt de- 
creases in the order, chlorine, bromine, iodine 
Chlorination at 200‘'P produces high molecular 
weight material of low solubility, which on further 
heating gives off hydrochloric acid Al higher tem- 
peratures, 400 500°F, little of this chlorine reacted 
remains in the asphalt blit appears primarily as 
hydrochloric acid The high temperature chlorina- 
tion produces a material quite similar to that 
which results from air blowing at tin* same tern 
pern lures. Treatment of asphalts with boiling 
lialogenated solvents generally results in home loss 
of halogen from the solvent and in hardening of 
the asphalt 

W (’ Simpson 


ASSAY 

Assay, n* gene ml 1\ umm! today, implies an 
analysis for only a certain constituent oi con 
stituonts of a mixture, the otlieis general I \ being 
neglected The term is more generally applied to 
ores, alloys, and phnnnnceiil icmI prepaiations 
The analysis of the principal component as given 
in the specifications of some industrial chemicals 
is referred to as assn\ 

.Chemical assay methods aie divided into two 
classes, dry- and wet The assa\ of rock toi gold is 
the best known of the diy oi lire* methods The ore 
is finely ground ami mixed with charcoal and an 
appropriate flux, the composition of which de 
pends upon the acidic oi basic nature ol tin* ore 
The mixture is slowh bi ought to led heat The 
gold, lead and silver sepaiate as the free metal as 
a button in the bottom ol the crucible and is sepa- 
rated from the slag b\ breaking the mass with a 
hammer The lead and silver are sepal ated h\ 
various methods and the free gold is final 1\ 
weighed Among the oldest of the wet methods is 
the assay of certain plants foi the alkaloid content 
The dried plant material is extracted with a 
solvent and the active constituent separated from 
the extract by chemical means. 

Pharmaceutical preparations generally contain 
one or more active ingredients mixed with inert 
fillers, binders, etc., or dissolved or suspended in a 
liquid The finished product mu*tt bo assayed to 
determine whether or not it contains the stated 
amount of the active const it uont(i) per unit (cap 
siile, ampules, tablet or unit of volume). 

The newer field of assay , biological assay, gen 
orally referred to as bioaxsay, is a test of the reac- 
tion of living organisms to a substance. The 
organisms used include single and mult a cellular 
plants an 1 animals. Assay using single* cell organ- 
isms is called micro -bio logical nisuy. The most 
familiar technique is the “plate assay 11 used for 
testing antibiotics against various strains of bac- 
teria. 

Not only is bioassay used to control the quality 
of many pharmaceutical preparations and animal 
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food supplement*, but it is nil important research 
tool. The search for new antibiotics ami vitamins 
depends on this method of analysis for detection 
and initial evaluation. The feed supplements for 
cattle, hogs and chickens that promote more rapid 
growth and immunity to certain costly diseases arc 
developed by feeding tests with the animal con- 
cerned. The screening of chemicals as insecticides 
is made with inserts. A household insecticide for 
flies nnd mosquitoes, for instance, is evaluated for 
its effectiveness by the percentage of “kill” of 
these insects under a given set of conditions. 

John A. Riddick, 


ASSOCIATION 

Association is distinguished from true chemical 
polymerization by the type of bond and the ther- 
mal properties, Polymcrizul ion is a chemical 
reaction involving the formation of an nonioniz- 
alile covalent bond; association involves the for- 
mation of polymeric compounds by a hydrogen 
bond or a similar bond. The thermal properties of 
the bond types, a*** differ The heal of formation 
and dissociation arc less for the hydrogen bond 
than for the covalent bond and other bond types. 
The energies of dissociation for the hydrogen bond 
are usually about 5, never more than about 10 kcal 
per mole. Other types of bond dissociations are in 
the 25 100 keal per mole range. The bond lengths 
are greater for the hydrogen bond than for other 
types of bonds. 

Hydrogen bonding and association takes place 
between like and unlike molecular species. Asso- 
ciation of like species is demonstrable by one or 
more of the several molecular weight methods. 
Association between unlike species is demon- 
strable by deviation from Itaoult’s lau\ The 
association of one component of a binary system 
can also bo demonstrated by deviation from 
Raoult’s law. 

The strength of the hydrogen bond increases in 
the order FIIF, OHO, OHN, NUN, ami CIIO, but 
they are dependent upon the geometry of the* 
combination and the nature of the near elements 
upon resonances and also on the acid and base 
characteristics of the groups. The factors affecting 
the strength of the hydrogen bond also influence 
the degree of association. Some molecules form 
pnly dimers, some t rimers, and others associate 
to the full passible four hydrogen bonds ]>er 
molecule. 

Association is accompanied by an increase in 
heat of fusion aud heat of vaporization. The latter 
results in a longer free evaporation time. Ether, 
which is lightly hydrogen bonded, has a low r boil- 
ing point and a low heat of vaporization, whereas 
1 -butanol with the same molecular weight and 
elemental composition has a much higher boiling 
point und heat of vaporization. 

When an associated substance is added to a non- 
associated one, it would be expected that the 
association of the associated molecule would de- 
crease. However, aniline, an associated liquid, if 
mixed with hexane, a noniissociated liquid, shows 
an increase in association. This association is not 


readily explained, hut is probably a type of aggre- 
gation or association in which the intcrnul pressure 
or attractive force belween the molecules is so 
great as to resist dispersion. 

John A. Riddick 


ASTATINE 

The fifth member of the halogen family indi- 
cated by a vacancy in the early periodic tables was 
called ekaiodine. When atomic numbers were es- 
tablished, it became element 85 (Group VII of the 
Periodic Table). As early as 1920, lines observed 
in spect ra corresponded to those predicted for ele- 
ment 85. During 1931 2, Allison secured data 
which wore interpreted as evidence of the presence 
of element 85 in very low concentrations in aque- 
ous extracts of monazitc sand. He suggested 
that the clement be named (itahaminc and its 
symbol be In 1937, Do reported that he had 
found element 85 in Travaucore monazitc and had 
prepared it in quantities large enough for visible 
observation. Ho suggested that it be named itakin. 
In 1940, Miiuler reported that RaA, an isotope of 
element S4, decomposed in very small part by 
radiating ^-particles, and must therefore form ele- 
ment 85. He suggested the name hrlvctium and the 
symbol llv. 

Early in 1910, Corson, MacKenzie and Segre re- 
ported that the bombardment of bismuth with 32 
lnov «-parti( ( les produced a substance or sub- 
stances which furnish 0 -, and 7 -radiations. 
The a radiations were 60% of tango 6.1 cm. and 
40% range 4.2 cm. Tests seemed to show that the 
reactions were represented by the nuclear oqtia- 
t ions : 

sM" 4 - Jle» >85*" + 2n 
followed by two reactions: 

60%, 85*" — 2 Hr 4 -f HaRi 107 
40%, 85*“ (K capture) > 84 Po* n 

% 4 Po*" - a II«»‘ -f 8 ? Pb*" 

These results were confirmed, ami in 1917, when 
Corson, MacKenzie ami Segre suggested that the 
element bo named nstatinr (from a Greek word 
meaning “unstable") and its symbol be At, all 
other designations were discontinued. The Inter- 
.alional Union of Pure and Applied Chemistry 
has adopted this name ami symbol. 

Astatine is one of the elements in the principal 
chain of the radioactive series containing neptun- 
ium called the (4n + 1 ) series. It is produced by 
bombarding nuclei near it in atomic number by 
particles accelerated in cyclotrons. When gold is 
bombarded by stripped earbon atoms one result is 
represented by the equation: 

7 oAu w + «C« -> 80 At 806 f 4n 

Isotopes of all atomic weights from 205 to 218 
inclusive except 213 have been reported. Those 
with masses from 206 to 211 inclusive have half 
lives between 1.7 and 8.3 hrs; those of the other 
isotopes are fractions of a second. 
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Astatine prepared l>y bombarding bismuth with 
x-particles to form At* 11 has been the principal 
source of this element. The half life of this isotope 
7.5 hrs. Using micro amounts and tracer tech- 
niques it has been found that astatine (1) behaves 
as a halogen, (2) is more metallic than iodine, (3) 
occurs in aqueous solutions as a univalent nega 
tive ion, (4) has at least two positive oxidation 
numbers, (5) can be deposited on the anode by a 
direct electric current, (6) can be vaporized from 
molten bismuth and condensed on a very cold 
receiver, (7) is precipitated as a sulfide, (8) in- 
jected in guinea pigs, accumulates in the thyroid, 

(9) is very destructive of th\ roid tissue for a short 
range without involvement of the parathyroid, 

(10) the free element dissolves in organic solvents. 

F. E. Brown 


ASYMMETRY 

Vsymmetrv involves the presence of four dif- 
ferent atoms or substituent groups bonded to an 
atom. Its existence was discovered in 1815 bv the 
French physicist J. B. Biot (1774-1867). He found 
that oil of turpentine, and solutions of sugar, 
camphor, and tartaric acid all rotate the plane of 
plane-polarized light w r hcn placed between two 
Nieol prisms. This phenomenon is culled optical 
rotation and is indicated in symbols in the follow’ 
ing manner: [«1S ,U = 4-53.4 aq , meaning that the 
substance gives a rotation of 53.4° to the right 
(clockwise, or plus) in whaler solution at 20°C 
using the sodium D line as the light source. Sub- 
stances in solution that rotate light to the right 
are designated d and called dextrorotatory; sub- 
stances rotating light to the left are designated 1 
and called levorotatory. 

In 1848, Louis Pasteur (1822-1805), working with 
the sodium ammonium salt of optically inactive 
racemic acid, an acid isolated from winery sludges, 
made a remarkable discovery. On recrystallizing 
the salt in a cool room, he found that it separated 
into two crystalline forms, differing only in that 
they had hemihedral faces inclined in opposite 
directions. He found that a solution of those 
crystals having right-handed faces was dextro- 
rotatory, while the left-handed crystals gave a 
levorotatory solution. A mixture of equal parts of 
both crystals was optically inactive, as the original 
acid had been. The d crystals were shown to pe 
identical with the then-known d-tartaric acid, 
while the f-acid was a new compound. This was the 
first separation of such a dl mixture, and such 
mixtures are now called racemic for this reason 
J. Wislicenus (1835-1902), in 1873, working with 
the naturally occurring d and l lactic acids, showed 
that the two optical isomers have identical physi- 
cal and chemical properties, except for the direc- 
tion of rotation of polarized light. If the l form has 
a rotation of —3.3° then the d form will have a 
rotation of +3.3°. 

These results were puzzling to the organic chem- 
ists of the time, because they did not have a 
three-dimensional concept of molecular structure. 
It was the brilliant postulate of the tetrahedral 
carbon atom, arrived at independently in 1874 by 


Jacobus H. van’t IlofT (1852-1911) and J. A. lie 
Bel (1847-1930) that solved the problem and made 
the existence of optical isomers seem reasonable 
The postulate that the four valences of carbon 
point to the corners of a regular tetrahedron im- 
plies that optical isomers can exist, and their well 
authenticated existence can be taken as evidence 
for the postulate. 

Consider the molecule formed of carbon and 
four different atoms or groups I), E, F, (» 

D 

i 

« — C- - K (I) 

F 

Mow, keeping the line OCF fixed, learrange the 
other tw r o groups to get 

I) 

K C C (II) 

F 

It can be readily seen that the two molecules arc 
related to each other as right and lelt hands, they 
are mirror images, but not supctimposahlc if left 
in the plane of the paper. 

I) , 1) 

i ■ l 

<}— <’— K (I) ! K - c ti (II) 

I ' I 


It must be added that they can be superimposed 
simply by rotating structure II 180° about the 
axis DCF. This is a fault of the planar representa- 
tion of a three-dimensional atom. If a model of 
the two atoms is constructed in the proper man- 
ner, it can be seen that they can in no way be 
superimposed. In considering whether tw’o optical 
isomers are identical from their planar projections, 
it must be remembered that rotations of any kind 
in the plane of the paper are allowed, while lifting 
the projection off the paper and inverting it is 
not allowed. Compounds related to each other 
as the two model compounds (image-mirror image) 
are called enantiamorphn or optical antipodes. 

Carbon atoms with four different groups at- 
tached to them are called asymmetric carbon 
atoms, and in chemical symbolism are quite fre- 
quently marked with an asterisk (*). It is possible 
for a compound to have more than one of them. 
Tartaric acid has two, while naturally occurring 
compounds such as proteins, with' one asymmetric 
carbon per peptide unit, ma\ have millions. Tar- 
taric acid, with two asymmetric carbon atoms, 
has a possibility of having four optical isomers, 
of which three are known. 

In order to consider asymmetric compounds 
without writing out a complete formula each time, 
a conventional way of writing the planar projec- 
tion has been adopted. The molecule is represented 
with the carbon atoms in a line, with the groups 
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falling to the right or left as if one were sighting 
down the length of the carbon chain. As a further 
guide, the configuration of the first carbon atom 
in the chain is referred to one of the two glyccr- 
uldehydes. 

mo Clio 

I . i 

H— C -Oil (i>) llO (’ * il (,,) 

1 l 

riliOH OH. OH 

Compounds that have the same coidiguiation a** 
D-glycer»ldehyde are designated i>, and those 
with other configuration l. It must be added that 
configuration as represented m a structural for 
mula and direction of rotation arc not necessarily 
related o-Olvceric acid is dextrorotatory, while 
n-lactic acid is levorotatory 
With three, four, and more asymmetric atoms 
in a molecule, the number of possible isomers be- 
comes tremendous The maximum number of 
isomers for // aswnmetric atoms is 2", but the 
actual number may be less because of mesomeric 
pans ('ompoumjs *iu ** ; ng the same configuration 
on all but one carbon atom are called epimfns. 
Mpimers are quite frequent in the liexoses -ti-car- 
bon sugars that have four asymmetric carbon 
atoms All the 16 possible optical isomers are 
knowm m this series 

Asymmetry of this kind is not, however, limited 
to carbon compounds. Any atom with tetrahedral 
or octahedral valences may be asymmetric. If 
three different groups are present in the octahe- 
dral coordination sphere of cobalt, it can be seen 
that mirror images and optical isomers will exist. 


Nil, a c\ 

\l / 

Co 

/I \ 

NH, NH-, Br 


Cl Cl Nil, 

\l / 

Co 

/| \ 

Br NH, NH, 


Asymmetric atoms of sulfur, tin, nitrogen, 
selenium, and other elements have been observed 
in compounds of those elements. 

Asymmetry has been a very useful tool in the 
detailed study of organic reactions. The question 
of which bond is broken in the hydrolysis of an 
ester was one of the first questions to be solved by 
usjng pure optical isomers. Recently, other 
methods, such as radioactive tracer studies, have 
become mentioned frequently in questions of 
mechanism, but they are still at best useful sup- 
plements to the classical methods of stereochem- 
istry. 

Elbert C. Wewbr 
Cross -references: Optical Rotation , Polar urn inf 
$tf reach cm istry 


ATMOSPHERIC POLLUTION, see AIR POLLUTION 
ATOMS 

The word “atom” is used universally in chem- 
istry and physics to denote the smallest particle of 


an element w r hich can exist either alone or in cem- 
bination with other atoms of the same or of other 
elements. Breaking up an atom of an element 
would give us something which did not have the 
properties of the given element. The size of an 
atom is about 2 or 3 x M) 9 eni. Atoms an* the build 
ing blocks from which molecules are const ructed 
and they are the particles which occupy regularly 
spaced positions in the lattices of crystals. The 
mass of the lightest atom, the hydrogen atom, is 
1 67 \ 10 2/ kilogram This means that its mass is 
about IS 10 times the mass of an electron. 

Historical Development. The name “atom 1 * 
was derived from the (Ireek word “atomos” which 
means uncut or indivisible; the (Ireek philos 
opher, Democritus, was the first to propose the 
cxistunee of such elementary particles. The idea 
was revived late in the nineteenth century in an 
effoit to explain experimental results. Dalton's 
Law of Partial Pressures showed that in any mix 
ture of gases < of vapors or of both, each constit- 
uent exerted its pressure as though the other con 
stituents were not present. Other studies, such as 
the development of the Kinetic Theory of Oases 
and measurements on the combining weights of 
elements, brought out a more complete atomic 
theory. In many experiments atoms behaved as 
though they were tiny solid spheres, in accordance 
with the ideas of Democritus. However, later de- 
velopments indicated that the atom was anything 
but solid and indivisible and further that it had 
associated with it a wave motion. These results 
showed that the atom was far more complex thun 
a simple solid particle. 

Many important discoveries in the last half of 
the nineteenth century had a direct bearing on 
beliefs about structure of matter. Studies of 
electrical discharges through gases and in par- 
ticular of catholic rays led to the discovery of 
electrons, and J. J. Thomson and others showed 
that, electrons are constituents of atoms. Later, 
Lord Rutherford carried out elaborate experi 
ments on the scattering of radioactive emanations 
as these particles passed through metal foils. The 
results convinced him that the positive charges in 
matter were concentrated in very tiny regions 
whose size was about 10 12 cm. or a millionth of a 
millionth of a centimeter. This positively charged 
core or nucleus was surrounded by an equal 
umount of negative charge. 

The Orbilul Model Albert Einstein invoked 
ti idea of light quanta. This theory proposed that 
the emission of light energy occurred in certain 
discrete amounts called (plant a or in even mul 
tiplcs of these amounts, but not in other amounts 
The Danish scientist, Niels Bohr, tied this con- 
cept to processes in individual atoms by develop 
ing his orbital model of the atom. He postulated 
that the negative charge in the atom was carried 
by electrons which rotated in stable orbits around 
the positive core or nucleus of the atom. His hy- 
pothesis for the hydrogen atom was that there was 
one stable orbit for the single electron which ro- 
tated about the nucleus of this atom. The angular 
momentum of the electron in this orbit was as- 
sumed to have n value equal to h/2r where h was 
the universal constant known as Planck’s con- 
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stnnt. Bohr also assumed the existence of other 
orbits in each of which the angular momentum 
was an integral multiple of h/2ir. If the electron 
should get out into one of these orbits the atom 
was in an excited stuto which was not a stable 
configuration. All other orbits were considered to 
be impossible arrangements. 

This meant that the atom could exist (at least 
temporarily) in states in which it had certain 
definite amounts of energy, but states correspond- 
ing to electrons in other orbits or other amounts 
of energy wore ruled out. Hydrogen atoms which 
were not combined into molecules were found in 
electrical discharges and in the discharges the 
excited states corresponding to electrons in other 
than stable orbits also appeared When an electron 
dropped from one orbit to one in which it was 
closer to the nucleus, Bohr’s theory stated that 
energy was emitted and the atom lost thi* same 
amount of energy. Since only certain orbits were 
considered possible, only certain definite amounts 
of energy were emitted and these amounts corre- 
sponded to Einstein's “packets of energy”. Also, 
energy could be absorbed by the atom in amounts 
equal to the amounts needed to move the electron 
out to specific orbits. 

Atoms of elements other than hydrogen have 
more than one electron and these are found in 
specific orbits when the atoms are in their normal 
states. Each element is characterized by the num- 
l < i of electrons which makes up its normal com pie 
ment. This number is also equal to the amount of 
positive charge which is contained in the nucleus 
when that amount is expressed in multiples of the 
charge on one proton. These numbers, which are 
called atomic numbers, range up to 101 which* 
corresponds to the element mendefevium. For each 
kind of atom there are certain stable orbits and 
others which correspond to excited states of the 
atom. If an atom has either more or less than its 
normal complement of electrons in orbits around 
it . the atom is said to be ionized. 

Extensions of Bohr’s model were proposed which 
used elliptical orbits or shells of negative elec- 
tricity to account for the results nf some precise 
experiments. None of these have been entirely 
successful and Bohr’s theory is not considered to 
be a complete picture of the atofti. None the less, 
the model has retained its usefulness because it 
provided a picture of the atom which could be 
visualized and the model is frequently used to 
describe the conclusions reached by theoretical 
calculatioas based on much more complicated 
models of the atom. 

Atomic Weights. The masses of atoms are often 
expressed as “atomic weights”. The atomic weight 
of an atom is the average mass of tho atoms making 
up a sample of the element when these masses are 
expressed on a proportional scale on which the 
average mass of the atoms of a sample of ordinary 
oxygen is taken as exactly 16. On such a scale, 
hydrogen has an atomic weight of 1.008. When 
using this scale, the whole number or integer 
nearest to the mass of a particular atom is called 
the mass number of that atom. 

Classification of Elements. Since all the 
atoms of any one element have the same amount 


of positive charge on each of their nuclei aud this 
amount is different from the amount on the nuclei 
of any other element , t he elements can be arranged 
in order of increasing positive charge. When this 
is done, it is found that these amounts are all 
even multiple* of the eharge of the first element on 
the list hydrogen Eaeh element is assigned an 
atomic number which denotes its position on this 
list. This number also indieates the number of 
electrons in the orbits about the nucleus. The 
arrangement of the electrons, particularly the 
number of electrons in the outermost orbit which 
is occupied, determines the way in which the atom 
will combine with other atom* to form molecules. 
In an attempt to classify elements, MendebVff 
found that they could be placed in groups such 
that those in any one group had similar chemical 
and physical properties and that various proper- 
ties showed a continuing trend throughout the 
group. Names of the elements can be arranged in 
rows with atomic number inereasing from left to 
right, starting a new row whenever an element is 
reached which is similar to hydrogen in its chemi- 
cal properties. This results in a periodic chart of 
the elements similar to the one proposed b\ Men- 
deltfofT. Elements which arc in anv one column are 
those which are similar in their chemical proper- 
ties. Those characteristics are determined mainly 
by the number of electrons in the outermost orbit 
which is occupied. 

Electron Distribution. The electrons in nn\ 
atom fall into group* or classes in accordance with 
the amount of energy needed to remove them from 
the atom and these groups are called the K shell, 
the L shell, the M shell, etc Experiments with 
x-ray photons are used to determine the eneigies 
necessary to remove elections. For each kind of 
atom the electrons which are hardest to remove 
are the K electrons, those in the next group arc 
L electrons, etc. The maximum number of elec- 
tons in each shell is 2 for the K shell, 8 for the L 
shell, 18 for the M shell, and 32 for the X shell. 

If a start is made with the lightest atom, the 
hydrogen atom, and each clement is considered in 
turn throughout the Periodic Table, we find that 
more ami more orbits are occupied. The second 
element, helium, has two electrons for each atom 
and these fill the K shell. The next atoms huve 
some elect nms in the L shell. It is not always found 
that any given shell is filled before the next shell 
receives any electrons. Sometimes a shell is par- 
tially filled to a convenient semi-complete stop- 
ping place with H or 18 electron* in the outermost 
occupied orbit. Then in the fallowing elements 
some electrons are placed in th* next orbit before 
any more are placed in the semi -complete orbit. 
Later, this orbit is filled in. When the outermost 
orbit which is occupied is full, the atom is inert. 
There are also inert atoms when the M shell 
reaches its semi -complete point with 8 electrons 
and when the X shell has 18 electrons. 

The atoms of elements just beyond the inert 
ones have one and only one electron in the outer- 
most shell which is occupied. This last electron 
revolves in a field which is similar t.o that of the 
one electron of the hydrogen atom. This results 
in these elements having spectra which are similar 
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to that of hydrogen, ;m«] (hose atoms all have 
similar chemical properties. Throughout the 
Periotic Table there are correlations between the 
chemical properties and the number of atoms in 
the outer orbit. 

One might expect that the atoms which have 
several occupied shells would lie considerably 
larger than those which have fewer occupied 
shells. However, the larger attractive forces, 
which the more strongly ehatged nuclei of these 
heavier atoms exert on the elect ions, result in the 
stable orbits being drawn inward so that there is 
only a comparatively slight variation in size 
among all the known atoms 

The Nucleus. The nucleus or core* of the atom 
contains all the positive charge associated with 
that paiticle. For a long time it was believed that 
nuclei consisted of protons and electrons This 
gave way to the belief that nuclei consist cd of 
protons and neutrons. Elements differ from each 
other in the number of protons in their nuclei 
The lightest element, hydrogen, has only one pro- 
tein in each nueleus. The next element in the Peri 
odie Table, helium, has two, and so on throughout 
the table. In. to the protons present all 

atoms, except some of those of the very lightest 
elements, contain one or more neutral particles or 
neutrons. A neutron has almost exactly the same 
mass as the proton but flitters in that it is nil 
charged. 

It is possible for two atoms to contain the same 
number of protons in their nuclei and thus he 
atoms of the same element, but to have different 
numbers of ncutions and thus have different 
atomic masses. Such atoms arc called isotopes. 
Some elements arc; known to exist in as many as 
seven or eight isotopic forms. The mass number 
of an atom of a particular isotope can be obtained 
by' adding the number of neutrons in its nucleus 
to the number of protons in that same nucleus. 
Different isotope's of an clement may differ widely' 
in the stability of their nuclei. 

The* way in which the components of a nucleus 
(the nucleons) are arranged is at the present time' 
the object of much stud.v. One hypothesis is that 
these particles are in much the same form as they 
are when existing separately but are closely 
packed together in the atom. Another theory' 
states that they exist more in the form of shells 
one inside the other. The nucleus is held together 
by forces which are extremely great when the 
separations are very small, but which fall off very 
rapidly as the distances between particles in- 
crease. The Japanese scientist, Yukawa, devel- 
oped a mathematical meson theory which deals 
'ith these forces. 

The nuclei of all the very heavy elements are 
unstable in varying degrees and decay' spontane- 
ously' w'ith the emission of radiations. This process, 
called radioactivity , was first discovered by Becqu- 
crel; it transforms an atom of one clement into 
an atom of another element, the disintegrations 
following statistical laws. Some isotopes decay so 
slo.vly that it takes thousands of years for one- 
half of the atoms of a given sample to decay anil 
another equal period of time for one- half of the 
remainder to disintegrate. Others decay so rapidly 


that one half of the atoms in a given sample will 
decay in a tin,v fraction of a second. Some isotopes 
of the lighter elements are also radioactive. The 
half life for radioactive decay is the length of time 
it takes for one-half of the atoms in a given sample 
to deca.v. At least one radioactive isotope of every 
element has been found to occur naturally' or has 
been prepared artificially. 

Theoretical Interpretation of the \lotn.* 
Powerful mathematical methods give (plant it ative 
treatments of atomic and subatomic processes. 
These theories are called (plant uni mechanics 01 
wave mechanics and arc primarily the results of 
investigations by Heisenberg. Dirac, and Slirod- 
inger. The background for these theories comes 
from Louis de Broglie’s realization that the cir- 
cumference of the circular orbit of Bohr's atom 
model for hydrogen in the normal state is equal to 
the wavelength of the waves which can bo asso- 
ciated with the moving electrons. This leads to 
I he idea th *t in the atom there is a standing wave 
associated with the electron as it moves in its 
orbit. Erwin Sclirodinger proposed that this wave 
length be substituted in a elassieal wave equation 
and from this beginning he derived a wave equa- 
tion for the hydrogen atom. This pictures the 
negative charge of the electrons as a standing wave 
about the nucleus. The square of the amplitude of 
the wave represents the probability' that the 
electron can be found at that point . 

For other atoms wave mechanics indicates a 
method for finding the energy values and the elec- 
tron distributions for stationary states of the 
atoms. The mathematical difficulties, whore many 
particles are involved, are stupendous, but suc- 
cesses are being achieved. This development is 
generally' known as the modern orbital theory' of 
atomic struct »"*e. 

Atomic Energy. Much is being written at the 
present time about atomic energy', using the ex- 
pression t< refer specifically to the energy obtained 
from certain changes in nuclear structure. The 
foundation of this idea of obtaining energy' in 
usable form from atoms can be traced to Albert 
Einstein who showed that matter seemed to be a 
form of energy and that it could be changed to 
other forms <>t energy'. The amount of energy ob- 
tained is given by the ('({nation K = me 2 . The en- 
ergy' K is given in ergs if m is the mass in grams and 
c is the velocity of light in centimers per second. 
One gram would correspond to {) X 1 (P ergs. At 
the present time only a small fraction of the mass 
of any given sample can be converted, but this 
fraction still yields a vast quantity' of energy. 

(Considering tw'o atoms of deuterium, the heavy 
hydrogen isotope, each nucleus contains one pro- 
ton and one neutron. At high temperatures and 
high pressures these w T ill combine into one nucleus. 
This new r nucleus has two protons and tw r o neu- 
trons Thus, it is an atom of helium. However, if 
wc add up the masses of the starting atoms very 
carefully' and compare the sum with that of the 
helium nucleus, we find thut a .small amount of 
mass is missing. It has been converted into other 
forms of energy. The loss of mass is often referred 
to as “mass defect". 

Considering any other combinations of very 
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light nuclei which result in heavier nuclei, we 
find that some masM is lost in the process of /union. 
This mass appears as some other type* of energ\ . 
On the other hand, if we consider the heaviest 
atoms in the* Periodic Table, Me find that they can 
be broken into tM-o nearly equal parts plus some 
very light particles. The sum of all the masses of 
the resulting particles is less than that of the 
original materials This process is call od fission, 
and again Me have the conversion of mass into 
other forms of energy 

Chain reactions occur M*hen some of the pnrticles 
produced in the fission process are ones M r hich are 
capable of breaking other atoms, and the geometry 
of the arrangement is such that there is a great 
enough chance of their breaking other atoms 
before thev are absorbed by competing processes, 
or are lost outside of the mass of fissionable ma- 
terial, or are slowed down to the point w'here they 
can no longer trigger the fission process. 

Atoms should be thought of us entities which 
are very small but none the less so complex that 
they stagger the imagination and offer rich fields 
for further research and speculation. 

Hobkrt M. Bkhwcon 
Cross-references: Molecules , Protons , Electrons , 
Elements , Radioactivity , Periodic Law , Nucleonics 


AUTOIGNITION POINT 

The autoignition point of a substance, whether 
solid, liquid, or gaseous, is the minimum tempera- 
ture required to inititate or cause self-sustained 
combustion independently of the heating or heated 
element. The figures on ignition temperature may 
vary, depending upon the test method, as it varies 
with the size, shape and material of £he testing 
container and other factors. Some typical ignition 
temperatures are the following: ucctone 1000°F, 
amyl acetate 750°F, aniline 1000°F, butane 806 °F, 
carbon disulfide 212°F, ethyl ether 356°F, phenol 
1319°F, toluene 1026°F, white pine shavings 507°F, 
cotton batting 446°F, magnesium powder (fine) 
883°F, nitrocellulose film 279°F. 

C. I. Babcock 


AUTOMATIC PROCESS CONTROL 

The spectacular and continuing growth of thd 
chemical process industries has been due in part 
to the adaptability of chemical and allied proc- 
esses to automatic regulation. All control systems 
may be represented as loops of varying complex- 
ity. The most useful representation of the control 
loop is the signal flow diagram , which is like a 
process flow sheet except it identifies the flow of 
information rather than the flow of materials. It 
iH frequently called a block diagram , since the 
individual loop components appear merely as 
blocks. 

Figure la shows a simple cont rol loop containing 
the basic elements of measuring means , controller , 
final control unit , and process. The particular sys- 
tem represented might be a temperature control 
system for a chemical reactor, shown in Figure lb, 



Fm. la. Control sxstcni block diagram 
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wherein a catulyst bed temperature is sensed by 
a thermometer which causes a conventional con 
trojler to position a .steam valve. In this example, 
the steam- heated reactor M'ould comprise the 
process. 

It is apparent that the system of Figure 1 is a 
closed-loop system inasmuch as the response of the 
process is fed back via the controller to the final 
control element. Thus feedback is a characteristic 
of closed-loop control. With such control systems 
the results of control action are ala-ays under 
scrutiny and the control can be highly effective. 

It is also possible for the control system to be 
an open-loop one. In the example of Figure 11), the 
reactor tempera! ure could be controlled by setting 
the steam valve manually in accordance with past 
experience, rather than in accordance M*ith the 
measured temperature. Obviously for hucIi a 
system to work, a close calibration between valve 
position and reactor temperature would be neces- 
sary in addition to virtual freedom from external 
changes. For most processes open-loop control 
systems are impractical. 

Control Variables. In Figure lathe measuring 
means is shown taking an output signal from the 
process and relaying it to the controller. The 
process output is the controlled variable , which 
might be temperature, pressure, flow rate, liquid 
level or composition. Other possible variables arc 
of less importance in process control. 

In genen 1 the best variable to control is the one 
which most sensitively reflects the behavior of 
the process. Often the variable being measured 
and controlled is not the variable for which the 
control is desired. For example, in a reactor the 
important controller may maintain a constant 
temperature at a particular point in the catalyst 
bed, yet the actual quantity being controlled is 
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the product stream composition A recent trend 
has been to lmse the control on the actual variable 
to be optimized. Such control is called end-point 
control , particularly in cases wheie product quality 
is the actual variable to be reguhitcd 

Regardless of the variable being measured, the 
kind of signal which is most useful to controllers 
is either a mechanical motion m an electric signal 
of some sort . 

Controllers, (’out rollers i»a\ be classified 
according to their drive as elect tic, pneumatic or 
hydraulic. All three types aie found in the process 
industries; pneumatic and electric instruments me 
most widely used in that order, and h>draulic 
controls arc used much loss licquonth. Pneu- 
matic instruments are geneially prefericd m the 
petroleum and similur industries wheie fire haz 
ards make electrical devices dangerous unless 
specially protected. 

Regardless of the type of cont toiler drive, the 
same* general modes of control may be generated 
b> each The important modes for process control 
aie. 

1. On-off or two position control 

2. Proportional floating control or inte- 

gral action. 

II. Proportional control. 

t. Derivative or rate action. 

Various modifications are available such as three- 
position and single-speed floating control but these 
are relatively unimportant. Some of the modes 
are used together as described below. 

Two-Position Control. The least expensive 
and most widely used control mode is two-position 
control If the controlled variable lieH below the 
set point f i.e., the value to be maintained by the 
controller, the output signal from the controller 
may cause a valve to open fully, and if the variable 
lies above, the valve will close. This type of 
control is characteristic of household heating 
systems. It finds use in the process industries for 
simple operations where moderate cycling of the 
variable is tolerable. 

Integral Control. Proportional speed floating 
control derives its name from the fact that the 
rate of change of the controller output is proper 
tional to the deviation , which is the difference be- 
tween the variable and the set point . in other 
words, the controller output is proportional to the 
integral of the deviation, hence the name integral 
cpntrol. At the present time integral action is most 
often used in conjunction with proportional con* 
trol. 

Proportional Control. In proportional control 
the controller output is proportional to the devia- 
tion. This type of control is basic for most con- 
trollers applied to processes in w'hich cycling of the 
controlled variable is undesirable (See Instru- 
mentation.) 

Automatic Reset. The gain initio of output to 
input) of a proportional controller is usually set 
at one-half the gain required to cause sustained 
oscillation in the controlled variable. However, if 
this setting results in too low a gain, the con- 
troller will tolerate large deviations or offsets in 
the controlled variable for various lorn! condi- 
tions in the process. Offsets mav be eliminated by 


adding integral action to the proportional action 
The proportional control provides strong and im- 
mediate corrective action, and the integral action 
assures continuing additional corrective action 
until the deviation has disappeared. This combi- 
nation of control modes is called proportional plus 
integral or proportional with atuomatic reset. 

Deri \ alive Action. Although not a control 
action b\ itself, derivative action or rate action 
causes an anticipatory correction by muking the 
controller output proportional to the derivative 
or rale of change of the deviatiou. It resists sudden 
changes in the variable and by this stabilizing 
act ion, it permits the use of high gain proportional 
action. 

Three Mode Control. Derivative control must 
be used with proportional control either alone or 
in combination with integral action The latter 
case is called three-mode control , and is used for 
hard-to-control processes where neither offset 
c> cling, and excessive overshooting of the vari- 
able following a disturbance is tolerable. 

Final Control Elements. The output from u 
pneumatic controller is an air pressure and front 
an electric controller is a voltage. In process 
control these outputs most usually are applied to 
valve motors, such as diaphragms or reversible 
electric motors, to position valves in the various 
process tlow streams, in some cases the controller 
output is applied indirectly through a valve posi- 
tn nrr. which is a servomechanism designed to fix 
the valve position at exactly that commanded by 
the controller. 

Control Systems. For many processes it is 
advantageous to couple controllers in various 
ways Ratio controllcrs 1 for example, maintain a 
fixed proportion between tw F o or more process 
streams. In casi'i ted control systems, the output 
of the master controller fixes the set point of an 
auxiliary controller. Such a system might be 
used in a cracHng furnace where the auxiliary con- 
troller would control the flow of fuel to the burn- 
ers and its set point would be adjusted by the 
master controller depending on the outlet tem- 
perature of the cracked oil at the exit of the 
cracking coils. 

Current Trends. Present trends in process 
control are toward: increased overall use as re- 
flected in a rising percentage of total plant cost 
for control instruments; smaller instruments or 
miniaturization ; increased localization of controls 

! point of application to improve control effec- 
tiveness and at the same time simplify the central 
control panel; increased use of graphic panels, 
wherein the control panel is arranged like a flow 
diagram of the process under control w-ith instru- 
ments located at points on the diagram corres- 
ponding to their points of application in the proc- 
ess; and increased use of end-point control. On 
the theoretical side the trends are toward a more 
quantitative treatment of control system design. 

These trends will continue for the future, along 
with a new trend toward a tighter over-all inte- 
grated control in which magnitudes and emphasis 
of production will be set automatically by com- 
puters operating on basic economic data. This 
last trend is loosely called automation. 
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Another new trend is the design of instruments 
to fit special processes such as extremely rapid 
chemical reactions. The practice for conventional 
processes in ti«c past and today has been to design 
the plant, and equipment and then add the appro- 
priate standard controls. For new, high speed 
processes conventional controls may 1 >e less 
economical in the long run than specially designed 
instruments. 

Ernest F. Johnson 
Cross •references : / nsh a mentation 


AUTOXIDATION 

The term “uutoxidation” is applied to those 
spontaneous oxidations which take place with 
molecular oxygen or air at moderate temperatures 
(usually lielow 150°C) without visible combustion. 
Autoxidation may proceed through an ionic mech- 
anism, though in most cases the reaction follows a 
free radical -induced chain mechanism. The reac- 
tion is usually autocat a lytic and may be initiated 
thermally, photochemicully or by addition of 
either free radical generators or metallic catalysts. 
Being a chain reaction, the rate of autoxidation 
may bo greutly increased or decreased by traces 
of foreign material. 

Most organic and a variety of inorganic com- 
pounds are susceptible to autoxidation. The mild 
conditions under which many compounds react 
with oxygen presents a serious problem of deteri- 
oration though, on the other hand, autoxidation 
offers wide possibilities in the field of synthetic 
chemistry. Several industrial processes such as 
the manufacture of o-phthalic anhydride from 
naphthalene nud more recently of phenol and 
acetone from cumene are based on autoxidation. 
In the paint industry many of the finishes employ- 
ing drying oils an* dependent on autoxidation as 
well as polymerization for their durable quali- 
ties. The reaction has found limited use in de- 
velopment of analytical techniques. 

Degradative processes involving autoxidation 
are very numerous. The rancidity develo|»ed by 
edible fats aiid oils on standing in the presence of 
air is due to autoxidation, with formation of acidic 
products. Gum formation in lubricating oils and 
fuels may be attributed largely to autoxidation, 
as may the deterioration of many polymers, es- 
pecially on exposure to sunlight. In the field of 
metallurgy the corrosion of certain metals may be 
considered in part an autoxidative process. 

The chemistry of autoxidation has been studied 
extensively in the hydrocurbon field and the 
mechanism elaborated for this class of compounds 
shown to be characteristic of free rudical type 
autoxidation. At temperatures of 100°C or less 
or on exposure to ultraviolet light at lower tem- 
peratures many hydrocarbons react with oxygen 
rapidly to produce a variety of products. It is now 
generally agreed that reaction is initiated by 
removal of hydrogen from a molecule of the sub- 
strate to form a free radical, R The following 
steps represent the overall reaction in its simplest 
•form. 


Initiation 


Propagation 


Termination 


HIT 

or ( atulysis 

f atomic hydrogen 
R • 4 < >_• > ROO- 
ROC) | RII ROOll \ R- 
ROOM * IK) -I OH- 
RO- + HU + Roll 4- ll- 
OH- t RII -* IIOII 4- li- 
lt* { It- • disproportionation 
It • I It - * RR 

ROO- f Oil- ROII + (). 


Kinetic studies with tetralin have shown that for- 
mation of hydroperoxide is almost quantitative 
with respect to oxygen absorbed in the initial 
stages of reaction. After a eriticul coneentiation 
is reached, homolvtic eleavage of peroxide com- 
(lienees and the resulting IK)- and OH- radicals 
may then initiate new r chains this is the nut neat a 
lytic phase* of the reaetion. In the ease of aldehy des 
it has been shown that pet-acids rather than hydro 
peroxides are the first products of reaction; though 
the peracids do attack the aldehyde, teaction is 
through a heterolytie mechanism and hence these 
autoxidations do not heroine mil oca Inly tie. 

Ease of removal of hydrogen to form free radi- 
cals is a function of molecular slruqjure. ( I roups 
such as carbonyl, carboxyl, phenyl or t ho othyl- 
onic double bond activate hydrogen on adjacent 
carbon atoms so that autoxidation occurs more 
readily when these groupings are present in the 
molecule. Thus olefins are more susceptible to 
autoxidation than parailins. Autoxidation may be 
inhibited by- addition of antioxidants (1IA) which 
are attacked by the propagating radicals breaking 
the oxidative chain : 


ROO- 4- IIA > ROOll 4- A- 

An effective antioxidant must form a radical 
(A-) which is incapable of chain propagation. In 
this way autoxidation is inhibited as long as un- 
reacted antioxidant is available. In contrast, addi- 
tion of foreign peroxides or other generators of 
active free radicals affords a source of additional 
radicals capable of initiating autoxidution or in- 
creasing the rate. Also metals having variable 
valence, such as copper, cohalt, manganese etc. 
can promote autoxidation through catalytic de- 
composition of hydroperoxides. 

W. Lincoln Hawkins 
Cross-references: Antioxidants, Oxidation 


AUXILIARIES 

Textile auxiliaries arc* the chemical processing 
aids or assistants employed in the preparation 
und finishing of both natural and synthetic fibers 
and fabrics. While the manufacture of textile 
fabrics is primarily a series of mechanical opera- 



in 

fiims, certain chemical treatments are necessary in 
the processing, either to assist the mechanical 
operations or to protect the libers or yarn from 
damage. Auxiliaries may also he used to improve 
bleaching, dyeing, printing or finishing, the hand' 
quality or nppearanee of goods, or to inereasc the 
efficiency of the various processes. They can 
roughly be divided into the following categories: 

(1) Fats, oils and waxes, natural and synthetic, 
which serve primarily as lubricants and are gener- 
ally combined with other auxiliaries. 

(2) Starches, gums and glues, which serve as 
film forming coatings, thickeners and adhesives 
in a wide variety of compositions. 

(3) Surface-active agents, including soaps, 
which are used not only as detergents but also as 
assistants in a number of processing steps. 

(1) Acids, alkalies and various inorganic chemi- 
cals, which are used in operations such as bleach- 
ing, carbonizing, oxidizing, flame proofing, etc. 

(5) Solvents and other organic chemicals used in 
many processing operations; this is somewhat of a 
catch-all class. 

(fi) Finishes of various types, including resin 
and cellulose finishes and the various repellent., 
protective and decorative finishes. 

In a sense, water is the most important of the 
textile auxiliaries, for without it textile processing 
:i" we know it could not exist The majority of tc\ 
tile pioccssing assistants must be water-soluble, 
not only because of the ease and economy of appli- 
cation but also because it is easiei and cheaper to 
remove them when their job is done. Water soften 
ers, organic and inorganic, corrosion inhibitors, 
thickeners, and even some of the germicides and 
fungicides are classed as textile auxiliaries pri- 
marily because they make water more suitable for 
use in the various preparatory , dyeing and finish- 
ing operations. 

The need to protect the fibers anil yarns from 
mechanical abrasion naturally increases as the 
speed of the machines increases. Today, oils, fats 
and waxes arc identified with textile processing at 
almost every stage of production from .yarn spin 
tiing to fabric finishing. They are employed as 
fiber, yarn and machine lubricants anil are formu- 
lated into batching oils, coning oils, spinning oils, 
throwing oils, plasticizers, softeners, size com 
pounds, coatings and water repellents. As chemi- 
cal raw materials they are used as bases in the syn- 
thesis of new' surfactants, autifoaming agents, 
antistatic, agents, soaps, softeners, resins, dyes, 
permanent finishes and even in making synthetic 
libers. As “oils* 1 , their chief function is to lubri- 
cate or to impart lubricity to \arioiis compounded 
auxiliaries. Mineral oils and waxes aie commonly' 
classified with the naturalh occurring oils, fats 
and waxes for most textile uses, though they can- 
not he removed as readily from textiles and have 
obvious differences in chemical inactivity'. 

Soap is one of the oldest textile auxiliaries and 
the forerunner of modern synthetic surface -active 
agents. These, also variously described as w r etting 
agents, detergents or syndets, dispersants, emulsi- 
fiers and “soapless soaps”, are what most people 
have in mind when they refer to textile auxiliaries. 
They are employed as assistants in numerous proc- 


AUXILIARVES 

essing steps, Hiieh as wetting and rew'etting, scour- 
ing and dyeing. The.v are utilized us antistatic 
agents, aft ert renting agents for dyeing, bleaching 
assistants, carbonizing assistants, corrosion in- 
hibitors, crabbing assistants, degreasing and dis- 
persing agents, dyeing assistants and retardants, 
emulsifying and finishing agents, germicides and 
antiseptics, kicr boiling and scouring aids, lubri- 
cants, mildew prevent at ives, plasticizers, pro- 
tective agents for wool and silk in wet processing, 
softeners, stripping assistants, and in the formu- 
lation of coning oils, spin finishes, fabric finishes, 
fulling soaps and thickeners, just to mention 
some of their better known uses. Kxamples in- 
clude such internationally known products as the 
“Igepons”, Igepals”, “Xaeeonols”, “Duponols”, 
“Tritons”, “X’opco” oils, “Aerosols”, “Teepols”, 
“Deeerosols”, “Aveonit”. “Spans”, “Tweens”, 
“Orthncr Compound”, “dtrawet”, etc. 

Starches, gums and glues are also textile auxili- 
aries of long standing, bike the oils and fats, they 
are obtained from rather abundant natural sources 
all over the world They function chiefly as adhe- 
sives and film-formers in textile processing. 
Throughout their centuries of usage in various 
operations, such as sizing, coating, and print- 
paste thickening, they have been modified ph.vsi- 
cally and chemically to satisfy the multitude of 
different ideas on how their basic properties ran 
best be utilized. Starches and gums are derived 
from plants and are complex carbohydrates, 
whereas animal glues and gelatins, derived from 
animal tissues, are proteins. The various synthetic 
glues and gums, like, hydroxyethyl cellulose, as 
well as other types of adhesives, such as casein, 
fish and vegetable glues, are of much more recent 
origin 

The principal auxiliaries used in t lie preparation 
of warp sizes for imparting strength and abrasion 
resistance to yarns for weaving include starches, 
gums, glue, gelatin, casein, polyacrylic acid, poly- 
vinyl alcohol, fallow', oils, waxes, synthetic resins, 
preset vat ives, enzymes and defoamers. The 
starches have long been considered the most 
economical film forming and binding agents for 
sizing varus made from natural fibers. (Hue and 
synthetic sizing materials such as poly met luicrylic 
acid are more commonly' used on rayon and the 
newel synthetic fibers. The water-absorbing 
properties of the gums, the lubricity' of tallow and 
the thinning action of certain enzymes are nor- 
mally utilized in fornvJatioii of many' slashing or 
sizing compounds. 

The functions of finishes are diverse, as are the 
materials used. After dyeing, almost all textile 
materials are subjected to some sort of finishing 
operation, mechanical or chemical or both, to 
eliminate wrinkles, cracks and other imperfections 
induced by wot processing; to set, compart and fix 
their structures; and frequently' to modify' their 
physical and chemical characteristics. Mechanical 
operations such as calendering, napping and em- 
bossing help eliminate distortions and w r rinkles, 
produce stabilization of cloth structure and may 
impart, a characteristic new feel to fabrics. Prod 
nets such as softeners and dullcrs are used to 
accentuate or inhibit some natural physical or 
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chemical characteristic of a fabric. Various nat 
ural and synthetic resins arc employed to mask 
weaving and knitting defects and imperfections, 
and to increase the life and durabilit\ of a textile. 
The shape, structure and form of a material can 
be maintained or altered to give now characteris- 
tics by use of such auxiliaries as antislip and 
shrink-resistant resins and sizes, mothproofing, 
flamoproofing and water-repellent compounds. 

Combinations, physical mixtures of various 
types of chemicals and auxiliaries, specialized 
modifications resulting from the use of heat or 
chemioal agents are so numerous that they are 
often more logically classified as “formulas.” Yet 
they form part of the thousands of chemical prod 
ucts sold to and used by textile mills as textile 
auxiliaries. 

Henry C. Sr ef.i. 


AVOGADRO (1776-1856) 

Avogadro, a native of Turin, Italy, held the 
chair of higher physics at Turin University for 
many years. In 1811, he published obscurely the 
principle that bears his name: “Equal volumes of 
gases at the same temperature and pressure con- 
tain the same number of molecules.” This law, 
apparently derived by intuition, was Avogadro's 
attempt to explain the laws of Boyle, Charles, and 
Gav-Lussac. It was not generally appreciated until 
47 years later when Cannizzaro (qr.r.) recognized 
its value. Avogadro’s law applies strict lv to an 
“ideal” gas. Gases that are easily liquefied deviate 
from it somewhat. 

Some consequences of Avogadro’s law are: (l) - 
The molecular weights of gases are proportional 
to their densities: CO 2 /U 2 ■* 1.08 g*per liter/0.09 
g per liter = 22/1; that is, a molecule of carbon 
dioxide is 22 times heavier than a molecule of 
hydrogen. (2) By deduction, molecules of oxygen, 
hydrogen, nitrogen, chlorine, and a few other 
gases contain two atoms. (3) The gram molecular 
volume (the volume of a gas that contains one 
mole expressed in grains) of any gas at standard 
temperature and pressure is 22.4 liters. For oxy- 
gen, molecular weight 32; density 1.13 grams per 
liter: gram molecular volume * 32 g/1.43 g per 
liter » 22.4 liters. 

The Avogadro number, sometimes called the 
Loschmidt (1805) number, may be found in several 
ways including: (1) calculation from Brownian 
movement; (2) use of the Langmuir technique, 
i.e., spreading a drop of oleic acid of known con- 
centration on a clean water surface that is 
sprinkled with talc, and measuring the extent of 
spreading; (3) measuring the quantity of elec- 
tricity equivalent to one electron, and using Fara- 
day's laws; (4) calculating the number of alpha 
particles and measuring the radon gas evolved in 
the same interval of time from a radioactive ma- 
terial; (5) displacement of particles in suspensions; 
(6) x-ray techniques. All methods give reasonably 
good agreement. The accepted value for Avo- 
gadro's number is 6.0228 (dbO.OOll) X 10” mole- 
cules per gram mole. The symbol for Avogadro’s 
number is usually N. This constant represents the 


number of molecules in a gram molecular weight 
(one mole) of a given gas. The constant is used 
extensively in physical chemistry, especially in 
calculations that involve molecules of gases. The 
Boltzmann constant ( k ) is ft/N, the gas constant 
per single molecule. Its value is 1.380 X 10 ,# erg 
l>er degree. 

Elbert C. Weaver 
Gross -references: A tows, Cannizzaro , Gas Imw8 
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Azides comprise a group of chemicals of char- 
acteristic formula KfXiL . H nmy be almost any 
metal atom, a hydrogen atom, a halogen atom, the 
ammonium radical, a complex ([Co(NH,)o|, 
|Hg(C’X)»M| with M — (’u, Zn, Co, Ni) an organic 
radical (eg, methyl, phenyl, nitrophcnol, diui- 
trophenol, p-nitrobeiizyl, ethyl nitrate, etc.), and 
a variety of other groups or radicals. In the inor- 
ganic Series, and according to most authorities in 
the organic a- well, the azide group has a chain 
structure (N — N---N) rather than a ring structure 
/ N\ 


N 


All the heavy metal azides, hvdiogcn 


N/ 


azide, and most if not all of the light metal azides 
(under appropriate conditions) are explosive. 
Many of the organie azides an* also explosive, 
especially those containing in addition to the azide 
group a nitro group ( NO..). The Alkali and alka- 

line-earth metal azides are the least explosive of 
the metal azides some of w'hich, eg., Hn(Xi)«, 
NaXi , are incapable of propagating a detonation 
w r ave in small quantities but would probably 
propagate in large* charges 

Hydroqcn azuh (UN 1 ), the ehemieal pioper- 
ties of w'hich are indicative of azide chemistry in 
general, is a very sensitive explosive with a heat 
of explosion between 1400 and 1550 kg-cal/kg. This 
heat of explosion is comparable with that, of the 
powerful explosives KDX, I’ETN and nitroglyc- 
erin. Hydrogen azide is a colorless, highly volatile 
liquid of boiling point 37 U C and melting point 
— S0°C. It is a protoplasmic poison resembling in 
this respect hydrogen cyanide (HCN). Hydrogen 
azide is soluble* in water, alcohols, and ether and 
is itself a solvent for many substances. In the pure 
state it show's decomposition at room temperature 
after four to five days. In aqueous solution (hy- 
drazoie acid) it is stable, but catalyzed by active 
platinum, it is decomposed into ammonia and 
nitrogen. 

Hydrazoic acid is a monobasic acid with proper- 
ties resembling the halogen acids.' It reacts with 
acids to liberate nitrogen gus among other com- 
pounds and decomposes upon electrolysis with the 
evolution of nitrogen and hydrogen, probably with 
(Ns )2 as an intermediate. It reacts readily with 
oxidizing agents to give a variety of products one 
of which is generally nitrogen. It is reduced by the* 
action of reducing agents probably through tri- 
azene (HjNi) and triazane I(HtN) 2 MI| to hy- 
drazine (NH 2 NH 2 ) and finally to ammonia. Tetra- 
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zene (N4II4) may also bp produced by reduction 
of hydrazoic acid. Hydrazoic acid is a powerful 
nitridizing as well as oxidizing agent. 

Sodium azide is important in the preparation of 
heavy inotal azides, principally lead azide. It is 
prepared in a variety of ways, principal among 
which are the reactions of nitrous oxide and so- 
dium amide (N 2 () + XaNH s ) and the alkyl ni- 
tride-hydrazine synthesis, both of which have 
been adapted to laboratory or larger scale produc- 
tion of sodium azide. Solutions of sodium azide 
react metathetically with soluble copper, silver, 
lead, mercurous and thallous salts to precipitate 
the corresponding (insoluble) azides. The soluble 
metal azides are obtained from hydrazoic acid bv 
metathesis of barium azide with soluble sulfates, 
or with potassium azide and soluble perchlorates. 
Ammonium, ethylammonium and diethylainonium 
azides may be obtained from reactions of solutions 
of hydrogen azides in ether with the corresponding 
anhydrobnsos in ether or alcohol. 

Some metal azides, including those of silver, 
mercury (mercurous), lead and sodium, arc sensi- 
tive to visible or ultraviolet light, resembling the 
silver halides ii» ri« respect ; they arc decomposed 
by light to form the metal ami nitrogen. All metal 
azides are characterized by thermal instability at 
temperatures starting in the range UK) to 200°O, 
depending on the particular metal azide. At higher 
temperatures the heavv metal azides may explode 
violently. Few if anv metal azides are stable at 
their melting points. The thermal decomposition 
of the heavy -met a! azides is autoeatalytie, (q.v.) 
being promoted by metallic nuclei which form 
during decomposition, or by the action of light of 
appropriate wave length following a mechanism 
similar to that involved in the development of 
photographic emulsions. The thermal decomposi- 
tion of metal azides has been used to prepare the 
corresponding metals in pure form. This method is 
inapplicable, however, to the alkali metals owing 
to the relative stability of the alkali nitrides. 

In general, the explosive azides, particularly 
the heavy -metal azides, are very sensitive and 
may be detonated directly by shock, friction, 
heat, electrical discharge, and other energy 
sources. They must therefore be prepared and 
handled with extreme caution. Their shipment 
and storage are carefully regulated by law. 

The most important commercial metal azide is 
. lead azide , used extensively in commercial and 


military detonators. Lead azide is one of the most 
effective* (primary) explosives available for use in 
the “composition detonator” which contains sev- 
eral specialized elements: a bridge wire, an igni- 
tion agent, a primary explosive, and a base charge. 
Application of suiiicient current heats or melts the 
bridge wire, igniting the igniter element, w r hich 
delivers a hot intensified flame to the primary ex- 
plosive. The initial combustion reaction is trans-< 
formed suddenly into a detonation in the primary 
explosive. The detonation wrave formed in the pri- 
mary explosive is intensified in the base charge. 

.1 tcrcury fulminate , for many years the most 
useful primary explosive in detonators, is more 
easily ignited and develops a greater detonation 
pressure or priming impulse than lead azide, Uow- 
ever, the transition from an explosive deflagration 
to a detonation takes place more readily in lend 
azide than in mercun fulminate, especially at 
high densities where the hitter may “dead press.” 
Where the primary explosive itself is required to 
perform all the functions of a detonator (o.g., an 
“ordinary** fuse, cap) mercury fulminate is ap- 
parently unsurpassed. A “composition cap”, how- 
ever, may make use of the most efficient elements 
for each separate stage of reaction in wrhich few', 
if any. substances are more suited as the primary 
explosive than lead azide in all necessary require- 
ments (surveillance, cost, sensitivity, ease of 
preparation, and effectiveness to carry out the 
primary purpose of the* detonator- - the creation of 
the detonation wave). Other qzides have proved 
either too sensitive anil expensive (e.g., silver 
azide, cadmium azide, copper azide) or too insensi- 
tive (e.g., the alkali and alkaline earth azides) to 
replace lead azide as the primary explosive in a 
“composition detonator”. Lead azide is, how r ever, 
not without it limitations, one of which is the 
tendency in th,» presence of moisture to attack 
copper and brass to form the extremely sensitive 
cuprous azide. Modern detonators based on lead 
azide, however, are designed effectively to over- 
come some of the undesirable properties of lead 
azide. Even the extreme hazards of the detonator 
have been minimized by ingenious design of the 
“composition cap”, but a detonator remains a 
highly hazardous device and should be handled 
cautiously at all times. 

M. A. Took 

Cross -references : Explosives , X it my en f'om- 
poundtt 
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BABCOCK (1843-1931) 

S. M. Babcock was born ufc Bridgewater, New 
York, October 22, 1843 and died in Madison, Wis- 
consin, July 2. 1031. On October 27, 1806, he was 
married to Mary Crandall but no children were 
born of this union, lie look his A.B. degree at 
Tufts College in 1866 and his Doctor's degree at 
the University of (iottingen, (Jermany, in 1871). 
From 1875 to 1S77 and from 1SS1 to 1882 he was 
instructor in Chemistry at Cornell University. 
From 1882 to 1888 he was chemist at the Agricul- 
tural Kxperiment Station in Ccncvu, New York. 
In 1888 he became professor of agricultural chem- 
istry at the University of Wisconsin and chief 
chemist of the Wisconsin Agricultural Kxperiment. 
Station, lie became assistant director of the Sta- 
tion in 1886. 

He was one of the early students to study the 
biological aspect** of chemistry in a (ierinnn uni- 
versity and he brought back to this country many 
basil ideas which have been useful for many 
decades. At (iottingen he studied under Huebner. 
the successor to the great chemist Wohler. When 
Babcock was in the laboratory, Wohler was Mill 
alive and paid him a daily visit there. On one 
occasion he showed Babcock a sample of the first 
urea that was synthesized ami a bit of iodine that 
was sent by Court ois in Paris to Wohler. Babcock 
also visited Bunsen at Heidelberg ami was greatly 
impressed bv the simplicity and originality of that, 
great chemist. When Babcock returned to the 
United States he was one of the first to introduce 
the Kjeldahl method for the estimation of nitrogen 
and protein in biological materials. 

In the popular mind. Bubcock will be rcmcni 
berod longest for his invention of the milk fat test 
which bears his name. This was done in I860, two 
years after he arrived in Wisconsin and when he 
was 47 years old. He emphasized a number of t imes 
that his real contribution to the development of 
the milk test lay in his introduction of the centri- 
fuge as a part of the test, thereby shortening the 
time of operation. Here again, his fundamental 
knowledge of physics stood him in good stead. He 
also developed a viscosimeter, the construction of 
which in principle is the basis of the modern vis- 
cosimeter. Another important piece of work con- 
tributed by Babcock was his solution of the prob- 
lem of metabolic water, a fundamental question 
in plant and animal physiology. 

During his early work at (leneva Agricultural 
Kxperiment Station Babcock lost faith in the 
ability of the prevailing method of food analysis 
to give valuable information about the nutritive 
value of a foodstuff. When he came to Wisconsin, 
he put his ideas to work and showed t hat cows fed 


rat ions yy hich w'crc alike according to convent ional 
methods of food analysis and energy conical, but 
selected from different sources, produced marked 
differences in milk production and behavior of the 
animals. His notes were incomplete and were never 
published, but this work was the forerunner of the 
development at Wisconsin of the newer approaeh 
to nutrition, and yvas probably the first experiment 
used in testing the biological values of different 
foodstuffs. 

During the latter part of his life, much time w'as 
spend in the field of phvsics, especially on the 
constitution of mat ter 10 veil in his earlier years he 
had given much thought to this subject and had 
formulated in his own mind an hypothesis that, 
departed radically from the commonly accepted 
ideas concerning the relation of matter and energy. 
Many experiments y\ere conducted w it h apparatus 
that he constructed with Ins own hands During 
the latter years of his life, he attempted to stun 
ma ri 70 all these data into book form but tin* mi 
finished manuscript remained at the time of his 
death. Many have expressed the opinion that the 
basic principles now recognized in the new science 
of physics were foreshadowed in the bold postu- 
lates that Babcock set forth in his studies. 

# (\ A. KjAhllJKM 

dross -references : liiorhcnri ntnj, Xutrition , 1 1 ilk 


BACTERIOLOGY 

As the name implies, bacteriology is the science 
dealing with the nature, growth and treatment of 
bacteria. Baeteiia are typically tiny, sometimes 
ult ramie roscopic organisms, which are frequently 
motile. Recent methods (electron microscope, 
infra-red beam, chemical test.*,) indicate the pres- 
ence of nuclear material or chromatin idesoxviibo- 
nueleie acid, etc.) ; but Hie behavior of the unclear 
material seems somewhat simplei than that seen 
in larger colls. Typical repioduclion is by binary 
fission, after which Hie cell-* may separate or else 
cling together in chain** nr masses. Shapes vary 
greatly spheres, straight, curved or spiral rods, 
often with flagellae HcMstunt spores are also 
formed by certain specie-. Bacteria are free living, 
generally saprophytes or parasites* and some are 
pathogenic for man, animals and plants 

During the last century, bacteriological dis- 
coveries and applications have greatly lengthened 
the average life of man by continually advancing 
the understanding and treatment of diseases anil 
i disease prevention. As knowledge developed about 
bacteria and other microorganisma and the chem- 
ical changes directed by their hiocatalysts (cn- 
l zymes), virology, immunology and microbiology 
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emerged and became useful and highly specialized 
sciences. 

Anton Van Leeuwenhoek, with his home-made 
microscopes, first observed microorganisms 
(“little animals”, he called them), and in 1670 saw 
and drew pictures of bacteria in pus. Hut it was 
nearly two centuries before anyone saw' the rela- 
tionship between this observation and the fact 
that certain diseases are “catching” (at times 
epidemic), and also that often an attack of some 
disease nmy produce immunity to further attacks. 
Spallanzani (1775) grew bacteria in sterilized 
media, and discovered anaerobic forms and endo- 
spores (“germs”) which had a much greater heal 
resistance than their parent bacteria. .Jonner’s 
introduction of vaccination (cow'pov, from vnrm , 
the fmt in for cow), has all but eliminated this 
disease, which used to w ipe out whole populations. 
Yet as far back as 700 \.I)., cow fleas (an insect 
carrier) w'orc used in (Miina to protect against 
smallpox 

The modern science of bacteriology grew out of 
the investigations of a French chemist, Louis 
Pasteur, who worked on lactic and alcoholic fer- 
mentations (IS/*? ». the wine and brewing 

industry (1862-5), and on putrefaction II is work 
on the diseases of the silk worm (JK51-180f)) *avcd 
the French silk industry. The Franco- Prussian 
War of 1871 led him from the biospecificity of for 
mentations to the bio^pecificit \ of infections in 
wounds. From this grew Lister’* introduction of 
antiseptics, and tinallx to the development of 
asepsis. Pasteur developed vaccines against an 
thra\ (1877), chicken cholera (ISXlh. swine cry*ip 
Has < IKN2), and hnallv the successful prevention of 
the dreaded rabies with attenuated rabies virus 

Pasteur’s concept of the .specificity of infectious 
diseases stimulated Hubert Koch’s development of 
modern bacteriological technique isolation and 
study of bacteria in pure culture in suitable 
media, and their selective staining bv aniline dves. 
Villemin (1865) showed that tuberculosis could be 
inoculated lrom man to animals and serial Iv in 
animals; but the causative organism (1 Involute 
terium tuberculosis) was found by Koch onlv in 
1882. A great American authoiitv, when shown 
this tiny organism in a microscope, exclaimed. 
“Do you mean to tell me that this tinv thing, 
which I can hardly sec, causes the tremendous 
damage 1 find in tuberculosis:* It’s ridiculous 1 ” 
.And for ten years his mistaken judgment blocked 
the path to proper treatment and preventive 
measures. 

Soon after the discover of the diphtheria baril 
lus (Klebs and Loefflcr, 1885-4), Behring (1800) 
discovered its antitoxin, ami soon there was a 
perpendicular drop in deaths front diphtheria. 
Introduction by Knmon (1025) of formalin treated 
diphtheria toxin (toxoid or anatoxin) has, where 
used, practically eliminated diphtheria in chil- 
dren. Khrlich’s discovery of a “magic bullet”, 
“606” or “Salvarsan”, was a great help in syphilis. 
Later came the sulfa drugs, led mainly by prontosil 
and sulfanilamide (I)omagh); then penicillin and 
a host of antibiotics and germicides to prevent, 
control or cure bacterial and other infections. The 
protection of water supplies by chlorination ami 


filtration, and the scrutiny of foods and services, 
are now accepted routines. 

Classification of bacteria is based on n careful 
study of uppearnnee (morphology), chemical and 
other growth requirements (temperature, media, 
trace substances) and behavior (substances and 
enzymes produced or utilized in the course of 
growth, and the effects produced in plants, ani- 
mals or man, often disease). Special staining 
methods bring out differences not otherwise 
visible. Textbooks and manuals give what is 
generally found, but sometimes these labile or- 
ganisms show marked deviations and variations 

The (Irani Stain (Cicntiaii Violet or Crystal 
Violet, with saf ranine as a counter-stain) is com 
mnnly used as a preliminary test. The methods 
used to cultivate and identify, c.g., a round bac- 
terium (coccus) or a rod-shaped bacterium (bacil- 
lus) arc largely determined by whether it is gram- 
positive (purple) or gram negative (red i The 
]) roper reading of a properly performed (iram 
stain is, theietore, an important preliminan . 

Many bacteria are extremely fastidious and may 
fail to grow unless the medium oil which Ibex are 
planted contains suitable amounts of the proper 
peptones amino acids, sugars, blood, trace sub- 
stances, etc. They must also have appropriate 
conditions -pi I (acidity or alkalinit \ ), tempera- 
ture, air supply, etc. Aerobes need air; anaerobes 
demand absence of air; facultative organisms can 
*row either in the presence of air or in its absence. 
Some media are Huid (broths); others are solidi- 
fied, c.g., with gelatin or agar. Before being inocu- 
lated with a bacterial specimen, media arc sim- 
ilized by heating in an autoclave, usually at 15 
pounds steam pressure (giving 121' (\) for 15 to 20 
minutes. The \rnold method of fractional sterili- 
sation (after 'Jvndall), consists in heating in 
free flowing st*. m at IU0“(’ for 2 or 5 successive 
days, allowing the medium to stand at room tem- 
perature between treatments. Spoies which sur- 
vive the first or second heating, sprout and are 
killed by subsequent heating. Kgg and sera media, 
which cannot stand such high temperatures, are 
treated by inspissation, i.e . heating to 75 85 °C’ 
for 1 to 2 hours on 2 or 5 successive davs (c.g , 
lYt ragtiatii’s egg medium or Loetfler serum slants i. 
Media containing extrcmch sensitive substances 
(some sugars and sera), are sterilized b\ ultra- 
filtration through unglazed porcelain, compressed 
asbestos or cellulciM (Seitz filter), or infusorial 
oart h 

Two types of test plates are used for the isola 
tion of bacteria from mixed cultures or clinical 
specimens: ll) streak or surface inoculated plates; 
(2) deep or pour plates, in which the inoculum is 
added to the melted agar medium before pouring 
it into sterile Petri dishes. If the inoculum is suffi- 
ciently diluted, individual colonics can be “fished 
out n with a sterile wire loop and replanted on one 
or more lubes of selected media. The way this 
isolated organism behaves helps the bacteriologist 
to determine its classification. Special staining 
methods are of considerable use here. The filial 
test of a pathogenic organism is what it does to a 
susceptible plant or animal; thus, a virulent 
Mycobacterium tuberculosis can destroy u guinea- 
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pig in from two to six works. Conditions are im- 
portant. Pasteur found that chickens whose nor- 
mal temperature runs about 106-108°F. (40-l2°C), 
resisted virulent anthrax until they were chilled 
by immersion in ice-water. Furthermore, bacteria 
and test animals are both variable, and do not 
always behave in textbook fashion. 

Special treatises, e.g., Bcrgey’s “Manual of 
Determinative Bacteriology”, must be consulted 
for a complete tabular classification of bacteria 
(Class Schizonnjcetcs , Nageli). A mere epitome of 
the main orders follows. 

(1) True bacteria ( Kubaeteriales). Here are 
included the nitrate and nitrite formers; the 
autotrophs which can develop on inorganic media; 
lactic acid bacteria (turn milk sour); sulfur bac- 
teria (oxidize sulfur) ; colon bacillus (Escherichia) ; 
typhoid bacillus (Salmonella); pneumonia (dip- 
lococci). On the basis of agglutination with im- 
mune sera (made by injecting dead bacteria into 
animals), more than 50 serotypes of Diploccus 
pneumonae are recognized and about 150 serotypes 
of Salmonella. Others in this huge order are 
Staphylococci ( aureus produces vellow pu.s, albus 
produces white pus). Strcptotocci (grow in 
chains). Real bacteria are supposed to produce no 
spores, even if rod-shaped. Bacilli (from the Latin 
bacillus , a rod) produce spores. Stalker! bacteria 
(Caulobacteria) grow in fresh or sea-water, in 
sugai vats, etc , and ma> adhere to solid surfaces 
by i diluting a sticky “gum” The red, purple, 
brown or green bacteria ( Rhodobacleria ) can earn 
on photosynthesis, without liberating oxygen, as 
do plants 

(2) Actmomycetales form elongated cells with 
definite branching tendency. The Mycobacteria 
(fungus-like bacteria) are polymorphic; besides 
the classical acid-fast rod forms, they may show 
coccoidal, amorphous and even motile forms, and 
also virus-like or submicroscopic forms. They 
cause such diseases as tuberculosis and leprosy, 
and have been reported in scleroderma and cancers 
of both man and animals. Nocardia resemble 
Mycobacteria but are even more polymorphic, and 
show budding, mycelia and spores. The Slrepto - 
myce ft have a branching mycelium, and form 
conidiospores (asexual! y produced). The* best 
known is *S. griseus, from which is extracted the 
antibiotic streptomvsin. 

(3) Chlaniftobacteria , have long sheathed fila- 
ments and are algae-like. They include iron and 
sulfur bacteria. 

(4) Myxobacteria (slime bacteria), form a swarm 
(pseudopodium) which can migrate as a unit, in 
this respect resembling the Myxomycetcs (slime 
moulds, which some have regarded as animals). 

(5) Spirochetes have spiral forms and multiply 
by transverse fission. Treponema pallidum causes 
syphilis. Borrelia vincenti causes ulcerative stoma- 
titis (Vincent’s angina), and also pulmonary 
trouble. Leptospira , carried by rats and dogs, 
causes Weil’s disease (spirochetal jaundice). 

One effective method of combating bacteria is 
by introduction into the affected system of a so- 
called bacteriophage — a special type of microor- 
ganism that destroys bacteria by penetrating 
their protective coatings, which are often of a 


waxy nature, and literally devouring them. The 
action is similar to that of a parasite. The white 
corpuscles (leucocytes) present in the blood also 
attack and destroy many bacteria. Bacteriophages 
were discovered hv Twort (1915) and d’Herelle 
(1917) 

Jerome Alexander 
Gross -references: Antibodies , Brewing 


BAEKELAND, LEO HENDRIK (1863-1944) 

Leo Hendrik Baekeland, son of Karel L and 
Rosalia (Merehie) was born in Ghent, Belgium, on 
November 11, 1K63. He was educated in the citv 
elementary schools, the Atheneutn, a Government 
High School. Entering the University at the age 
of 17 under a Fellowship by the City of (ihent, his 
success w*as w r ell on the way when at the age of 21 
he received the degree of Doctor of Science, magna 
cum laude, and after teaching at the Government 
Higher Normal School in Bruges he returned to 
the University of (Ihent at the age of 2fi as Assn 
ciate Professor of Chemist r\ and Physics It was 
here that he won his first major recognition in 
competition with other Belgian Scientists The 
principal reward was a traveling Fellowship which 
enabled him to visit Universities in England, 
(iermany, Scotland and the United States. 

Of the several countries visited Baekeland pie- 
ferred the United States and on being offcicd a 
position with a photographic firm decided to stay. 
It’w'as then that he scam felt the difference between 
academic and industrial life for he said, “eon 
fronted with the big lesponsibility of piactieal 
life, my real education began.” Almost immedi 
ately he commenced experimentation in the photo 
graphic field in which he had alrcadv attained 
prestige in Europe. B\ 1S93 a photographic paper 
was perfected to which he gave the name of 
“Vclox” and established the Nepera Chemical 
Co., Yonkers, N V. This paper utilized a special 
colloidal chloride of silver relatively insensitive 
to yellowish and greenish light but more sensitive 
to blue and violet Prints could be made iude 
pendent of weather conditions. 

The “daylight paper” was successful and soon 
Baekeland .sold his interests to a large photo 
graphic supply house for a liberal sum 

Baekeland next turned bis attention to a study 
of electrolytic processes and after n year of prep- 
aration at the electrochemical laboratory of the 
Technological Institute at Chnrlottenburg near 
Berlin, research was begun in his pwn laboratory 
in Yonkers, New York. One of the largest and best 
ecpiipped electrochemical plants in the world re- 
sulted from this small beginning. 

These commercial successes provided the stimu- 
lus to attack new problems, and in 1905 Baekeland 
started the investigation into the reaction prod- 
ucts of phenols and aldehydes. This work proved 
to be his crowning achievement — the invention of 
Bakelite phenol -formaldehyde resins. Before the 
end of 1907 commercial production was commenced 
in a small way and in 1910 the General Bakelite 
Company was formed. It is now known as Bakelite 
Company, a division of Union Carbido and Carbon 
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Corporation. The basic reaction for the prepara- 
tion of reaction products of phenols and alde- 
hydes had been known .since the early work of 
Adolph Bayer in 1872, and bv other* shoith after 
wards. 

The reaction appeared simple hut no one found 
a way to control it to produce usable resins 
Baekeland learned the importance of heat and 
pressure on this reaction and his earliest patents 
were based on this understanding. The significance 
of catalysts was recognized in the control of the 
reaction. The chemistry of the reaction between 
phenols and aldehydes lias been .studied at length 
since the first announcement by Baekeland in 
February 11)01), until today the literature on this 
subject is voluminous The phenol -aldehyde res- 
inous material* became not only significant in 
themsleves, but the discovery of the controlling 
factor* in the polymerizing lead ion served to 
stimulate investigations throughout the entire 
world. The varieties of synthetic resins are now 
almost infinite, and the plastics industry touches 
practically every phase of human activity 

Ak< iiie J. VVeitii 


BANCROFT, WILDER D. (1867-1953) 

Wilder I). Bancroft’s contributions to the lield 
of chemistry were manifold and during his life- 
time he enjoyed wide recognition for his achieve 
incuts. Before his thirtieth year, he wrote “The 
Phase Rule" the first exposition in English on 
this subject , based on Bakhuis Booze boom’s work. 
One of his greatest services was in founding the 
Journal of I 'hymen l Chemistry in IS! JO. He was its 
editor for over 35 years and financed it from pri- 
vate resources for some time From 11)13 until his 
death he was associate editor of the Journal of the 
Franklin fnstitnte. His goal was always to further 
the study of chemistry, encourage pioneer investi- 
gations and broaden the applications of scientific 
knowledge from one branch of study to another. 
Dr. Bancroft devoted a gieat deal of time and 
energy to the education and direction of students. 
He was always an inspiring teacher. 

Bancroft published papers on plasticity of clay, 
adsorption of gases, chemotherapy, structural 
colors, qualities of bread-flour, tapping of trees 
for turpentine and rubber, drug addiction and 
the chemistry of anesthaesia. But his prime in- 
terest was the chemistry of colloids. His book 
"Applied Colloid Cheniistiy" appeared in three 
editions from 1021 to 1032. During those \ears he 
lectured on many varied subjects and in 1028 
published "The Methods of Research." This book 
gives three famous lectures delivered at The Bice 
Institute. Bancroft also served the National Re- 
search Council Committee on the Chemistry of 
Colloids and the Eighteenth Annual Colloid 
Symposium in 1041 at Cornell was called the 
Wilder D. Bancroft Symposium. 

Known for his investigations in electrochem- 
istry, Bancroft in 1002 helped found the American 
Electrochemical Society and was its President 
twice- in 1005 and again in 1010. In 1010 he was 
honored with the Presidency of the American 


Chemical Society. During World War I, he served 
his country as Lieutenant Colonel, Chemical War- 
fare Service where he made his contribution ill 
the dissemination of data on poison gases. His 
activities included the Vice-Presidency of the In- 
ternational Union of Chemistry (1922-3); the 
Board of Visitors of the National Bureau of Stand- 
ards; the* Advisory Board of the Cancer Research 
Fund; and the National Academy of Sciences. 

He was elected Honorary Fellow of The Chemi- 
cal Society, the Polish Chcmicul Society and the 
Societe Clnmiquc de France. Lafayette College 
and the University of Cambridge awarded him the 
degree of Honorary Doctor of Science (1019; 1023) 
and the University of Southern California con- 
ferred the Honorary Doctor of Laws degree in 
1930. 

John B. Cai.kin 

Cross-references: < 'olloitl C hemistry 


BANTING, SIR FREDERICK GRANT (1891-1941) 

Born at A1 list on, Ontario, Canada, Banting 
served overseas as a medical officer in World War 
I, and then practiced medicine in Canada until 
1021 Then, working together w'ith Charles H. Best 
in the laboratory of J. J. R. MacLeod at the Uni- 
versity of Toronto, he began an investigation of 
the hypothetical internal secretion of the pan- 
creas. At the time, indirect evidence suggested 
that the isles of Langcrluiiis in the pancreas so 
ended an anti diabetic hormone, but efforts to 
obtain an active extract bail failed Banting cor- 
rectly reasoned that the hormone had been de- 
stroyed during those previous extractions by the 
digestive enzymes also secreted by the pancreas. 

On this hiifri in* succeeded in obtaining active 
anti diabetic extinct a by various techniques, such 
as by using the pancreas of foetal calves which 
had not yet developed pancreatic digestive en- 
zymes. Then, together w jth MacLeod and J. P. 
Uollip, he fractionated these crude anti-diabetic 
ext i acts to obtain a much purified preparation of 
insulin, the active principle now used as a specific 
remedy for diabetes. In 1023 he. received the Nobel 
prize in medicine together with MacLeod, and he 
was appointed professor of medical research at 
the University of Toronto. In 1030, the Banting 
Institute was '•routed in Toronto, and in 1034 
Banting was knighted He lost his life in an air- 
plane accident w hile in * he service of (»reat Britain 
ring the second World War. 

Beknakd Jaffe 


BARIUM AND COMPOUNDS 

Barium, calcium and strontium are white, and 
differ among themselves by shades of color or 
casts. They are malleable, extrudable, and ma- 
chinable, and may be made into rods, wire, or 
plate. They are less reactive than sodium and po- 
tassium, and have higher melting points and boil- 
ing points. Their common ores are the sulfates 
and carbonates, and they form analogous chlo- 
rides, peroxides, nitrates, chlorates, true carbides, 
and acetylides. The volatilizablc salts give in- 
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acting with chlorine, ail acid, to form sodium 
chloride. The theory is too hroad to be generally 
useful. 

It is apparent from the foregoing discussion of 
several theories that the terms “base” and “acid” 
are not absolute but relative terms to be used with 
reference to a particular environment. An am- 
photeric substance may behave either as an acid 
or a base depending upon the solvent and renc- 
tant. Nevertheless, since many substances are 
considered to have an intrinsic basicity, an effort 
will be made to list several common bases and 
mention their properties and industrial uses. 

Alkali Metal Hydroxides. Both NaOH and 
KOH are white solids which absorb CO* and 11*0 
rapidly from the air, soluble in w’ater, alcohol and 
ether. Principal uses are in the manufacture of 
chemicals, rayon and cellulose fdm, pulp and 
paper, lye and cleansers, and soaps by saponifica- 
tion of fats, in petroleum refining to neutralize 
acids, and in reclaiming of rubber to dissolve the 
fabric. 

Alkali Metal C.ur bo nates. Na-COi and K 2 (!()< 
and their hydrates are white solids, soluble in 
water, insoluble in alcohol. Large (plant it ies air 
used in the manufacture of glass, and other chemi- 
cals, chiefly NaOH and NnHCO* . Other uses in- 
clude manufacture of soap, cleansers, pulp and 
paper, water softeners, and petroleum refining. 

Borax and Sodium Phosphates. The chief 
uf* m for borax and the sodium phosphates such as 
their use in cleaning compounds depend primarily 
on their basicity in aqueous solution. 

Quicklime and Hydrated Lime. CaO, a white 
solid, absorbs H 2 0 and CO* from the air to become 
air slaked lime. Ca(OII) 2 also absorbs CO* from 
the air. Principal uses are in tho building trade 
for making mortar, agriculture for controlling 
the acidity of soils, metallurgy for a steel flux and 
ore concentration, water purification, tanneries 
for dehairing hides, and manufacture of calcium 
carbide, cyanamide, and pa]ier. 

Ammonia. Nil* is a colorless gas with a pungent 
odor, very soluble in waiter and readily liquefied 
at moderate temperature and pressure. It iH mar- 
keted in the anhydrous form or aqueous solution. 
Important uses are for fertilizers, either by direct 
addition to the soil or conversion to an ammonium 
salt by neutralization with II2SO4 , H3PO4 or 
HNOs , for extracting plant dyes, and for the 
manufacture of aniline and other amines. It is 
used in refrigeration because of its physical prop- 
erties, as an intermediate in the preparation of 
nitric acid by oxidation, and as a solvent for many 
chemical reactions. [Sec further article on Am- 
monia]. 

Aliphatic Amines. Methyl-, ethyl-, butyl-, 
and amylamines, and ethylenediamine are used 
in manufacturing chemical intermediates, dye- 
stuffs, insecticides, synthetic detergents, corrosion 
inhibitors, and as solvents. Monoethanolamine is 
used for absorption of CO* from combustion gases. 
Diethanolamine is used for the absorption of CO* 
and H*8. 

Aniline* 2-Naphthylamine, and Other 
Aromatic Amines. These are used for manu- 
facture of dyes and intermediates, and synthetic 


rubber additives such as diphenylamine and cy- 
clohexyl amine. 

Pyridine and Its Homologs are used in the 
manufacture of vitamins, sulfa drugs, and fungi- 
cides. 

There has been a tremendous increase in in- 
terest in reactions in nonuqiieous solvents in 
recent years for use in both synthesis and analysis. 
Ammonia and derivatives of ammonia, the simple 
aliphatic* amines, ethylenediamine and pyridine 
are all basic solvents which have been used for 
reactions for which it was desirable to enhance 
the acidic properties of the solutes. 

W. 1 \ Wagnkr 

Cross-references: .1 r/r/s, p//, buffers. Blood 

BATING, see LEATHER 
BATTELLE MEMORIAL INSTITUTE 

Hattelle Memorial Institute is an independent , 
nonprofit organization that provides the plant, 
equipment, and personnel for basic and applied 
research on a contract basis. It was established 
in 1U29, at Columbus, Ohio, on the basis of pro 
visions in the will of Cordon Hal telle. The last of 
a family that w r as prominent in Ohio's iron and 
steel industry. Cordon left his estate to build and 
endow' an Institute “for the purpose of educa- 
tion . . . the encouragement of research . . . and 
the making of discoveries and inventions for in- 
dustry”. 

The Institute has facilities for research 011 all 
types of chemical problems including: (1) then 
retieal studies; (2) production of chemical ma 
terials; (3) investigation of the uses of chemical 
materials, including by-products; (4) studies of 
the availability of materials; (5) development of 
processes and products; (6) pilot plant studies; 
and (7) manufacturing of finished products. 

In addition to research in all general phases of 
organic, physical, and inorganic chemistry, Bat- 
telle carries on investigations in such fields as 
adhesives, plastics, resins, and ruhhei; agricul- 
ture, including fertilizers, inseef icides, fungicides, 
utilization of by-products, growth inhibitors, 
etc.; corrosion technology; fuels; organic coatings; 
electrochemistry; chemistry of solid state ma- 
terials; application of chemistry to all phases of 
metallurgy; textiles; petroleum and natural gas 
products; coal products; w r ond preservation and 
wood technology; chemical aspects of the graphic 
arts; ceramics; air and stream pollution; radio- 
isotopes and radiation; nuclear research; preserva- 
tion of foods; and catalysis and surface chemistry. 

The Institute also has facilities for studies in 
chemical structures, thermodynamics, and chemi- 
cal engineering; surveys of chemical literature; 
and the investigation of problems minting to the 
availability, economics, and marketing of chemi- 
cals. 

In addition to its chemical research, Bat telle 
has 30 divisions ut its Columbus laboratories 
which conduct research in other industrial fields. 
These divisions eover the areas of ferrous and 
nonferrous metallurgy, minerals processing and 
bcneficiation, extractive metallurgy, industrial 
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physics, fuels and combustion, ceramic tech- 
nology, electrical engineering, electronics, theo- 
retical and applied mechanics, nuclear engineer- 
ing, welding technology, graphic arts, engineering 
economics, operations research, agricultural and 
biological sciences, and information processing 

The Institute’s organization is elastic, permit 
ting the formation of research teams composed ol 
technologists from any fields related to a particu- 
lar investigation Such teams can attack technical 
problems from all pertinent angles Thus at Bat- 
tclle, chemical aspects of any investigation can be 
dealt with simultaneously and in conjunction 
with other aspects. 

While Battelle’s main laboratories are located 
at Columbus, Ohio, it also has facilities at Frank- 
furt/Main, Germany; Geneva, Switzerland; West 
Jefferson, Ohio; and Oaytona Beach, Florida. 
Institute offices are located in Paris, France; 
Milan, Italy; London, England; Madrid, Spain; 
and Washington, O. C The Institute’s main 
library in Columbus, Ohio, houses 35,000 volumes 
covering all technical fields. Battellc publishes 
the Mallelle Technical Revuw which includes ab- 
stracts relating to all major areas of applied rc 
search. BattelloV Vfali totals 2500 with about 1000 
administrative* and professional personnel, 600 
laboratory personnel, and 000 nonprofessional 
personnel. 

C. E. Feuc htiui 


BATTERIES 

The work of Volta and others around 1SO0 on 
electromotive systems provided the basis for 
modern electrochemistry, one important sub- 
division of which is generally known as “battery 
science”. Early investigations were carried out 
with silver and zinc separated by paper moistened 
with salt w-atcr. The art has developed from that 
simple system to the point where there are now' a 
number of types of batteries in use throughout 
the world. These fall into several categories, 
namely, secondary, primary and energy convert- 
ors. 

Generally speaking, a battery consists of a 
positive plate, a negative plate w it h some separat ■ 
ing medium, and un electrolyte (e.g., dilute 
sulfuric acid) for completing t he reaction or acting 
as a conducting medium. The positive plate is 
'the cathode and the negative plate is the anode, 
the current being carried by the electrons travel- 
ing from the anode to the cathode externally. In 
solution, the current is carried by ions both 
positively and negatively charged traveling in 
opposite directions toward their respective elec- 
trodes. 

The secondary battery or storage battery is one 
in which the conversion of chemical energy 
to electrical energy is reversible. In such a sys- 
tem, the electrical energy is stored as chemical 
energy for whatever period the particular couple 
is capable of retaining it. Chemical energy in con- 
verted to electrical energy by two types of reac- 
tion. Certain elements and compounds, w r hen 
placed in an acid medium, will react with the acid 


to yield electrical energy. An example is that of 
the lead acid battery in which the following for- 
mula gives the general reaction: 

l*b(>s + 2H 2 S<>4 + Ph 2PbSQ 4 4- 2H z O 

Certain other compounds and elements are cap- 
able of furnishing electrical energy when placed 
in an alkaline medium (e.g., potassium hydroxide) 
These use the water present in the solution us a 
carrier for the negative radical in the compound 
(positive plate) to be transferred to the element 
(negative plutc) thus forming a compound with 
this element. In this type of reaction the actual 
alkali does not enter into the over-all reaction. 
The following equation represents the type of 
reaction applicable to this* 

alkuli 

Ag() 4 Zn + IM> - — ^ Ag + Zn(OH)* 

jr 

ZnO 4- 11*0 

In each of tli'sc types of reaction there is an over- 
all transfer of two electrons. The main difference 
between the two types of s> stems is in the fact 
that the alkaline systems tend to remain active 
in 1 he discharge condition for long periods of time 
and still be capable of storing chemical energy 
when electrical energy is supplied to it. 

In primary bat teries the conversion of chemical 
energy to electrical energy is not reversible. There 
are several types. One type is manufactured with 
tne elements and electrolyte assembled as a unit. 
These are usable from the time of manufacture 
and have a finite span of useful life. These are 
represented b> the Lcclancln? and the RM nr 
Mercur> type dry alls. The other tvpe involves 
the use of a reserve type principle in which the 
elements are stored in a dr> state until the time 
ui use. At this tune the electrolyte is added either 
manually or b\ lutomutic means, and the cell is 
ready for use. Here again the stem may be either 
with an acid a salt solution or an alkaline electro- 
lyte. The Leelanchd type represents a salt elec- 
trolyte with a strong acid radical, while the 
Mercury cell lepiesents the alkaline system. The 
corresponding reactions are given as follows* 

2MnO> + Zn 4 2NII«(i 

Mn,0,*II*0 + Zn( V2NII, 
HgO \ Zn 4 H,0 -> Ilg 4- ZnO 4- H*() 

In all primary batteries at least one of the elc- 
nents represents a consumable item which is 
not replaceable by supplying electrical energy 
to any successful degree. This lends itself to ob- 
taining a higher output per unit of weight and 
space than that obtainable from the conventional 
rechargeable systems. 

The next group, w'hieh are erroneously called 
batteries, includes the nuclear and solur energy 
con vei tors. Here the electrical energy is supplied 
by a direct conversion either excited automati- 
cal^ , as in the case of the nuclear system, or by 
an external source as in the solar system. In both 
of these eases as soon as the exciting source has 
been removed, no further electrical energy may 
be obtained. Therefore, they are not truly of the 
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battery class, since electrical energy cannot be 
stored directly. Various expedients are used, such 
as charging condensers or storage batteries to 
overcome this deficiency. 

In the case of nuclear energy convertors there 
are two different approaches. In one case the elec- 
trical energy is collected from the Beta ray ends 
sion which gives a very low order of magnitude of 
current; however, the voltage may build up to 
several thousand volts from a single source. In the 
other case the principle involves surface emission 
of electrons due to a Beta ionizing environment. 
In this case the voltage is fixed at approximately 
1.5 to 3 volts and the current is proportionate 
to the intcnsit v of the ionization. Several versions 
of these two principles have been investigated by 
various organizations using different materials. 
In all cases use is limited to use in extremely low 
order of magnitude current Applications. 

Solar energy convertors basically operate on 
the same principle as that of the photo-electric 
cell. However, due to improved junctions and 
purer materials, it is possible to realize a higher 
magnitude of electrical energv Normal solar bi- 
valves will give .4 volts at approximately .25 A. 
per sq. in. If higher currents are demanded the 
voltage drops off sharply Therefore, in order to 
make a practical unit it is necessary to have large 
surface areas and a multiplicity of units to give 
tin* proper voltage and current combinations 
Mm sensitive materials are now being investi- 
gated which are actuated by the use of the ordi 
nary electric light rather than by the sun's rays 

The rate of a chemical reaction is based on reac- 
tion velocities, concentration and temperature. 
Generally speaking, these same factors apply in 
the case of batteries since in all true battery sys 
terns there is a chemical change which takes place 
when electrical energy is furnished. The first two 
items have been compensated for in the overall 
development of the presently available batteries. 
The effect of temperature haH not been compen 
sated for. As shown in the actual rate of reaction 
formula for the various orders of magnitude, the 
effective temperature is an important factor. As 
the temperature is lowered, the rate of reaction 
is decidedly reduced. This shows up in the actual 
battery by a reduction in maximum current avail - 
able at a usable voltage. Likewise, when the tern 
perature rises, the rate of reaction increases rap- 
idly. This also induces side reactions in the basic 
reaction which, in the case of the battery, shows 
up as local uction. Here the voltage and current 
gain are large in comparison to that at, the low 
temperature. 

A battery may consist of one cell or a multi 
plicity of cells which will have a voltage of the 
couple alone or u multiple of this couple. The 
volume and weight required to furnish a definite 
amount of electrical energy is dependent upon the 
chemical equivalent of the particular materials 
used in the btttterv. Generally these are arrived 
at by the formula : 


Atomic mass 


Chemical equivalent 


This is further reduced to gm/ AH by dividing tho 
chemical equivalent by 2fi.N. This gives the theo- 
retical amount of energy available. The actual 
amount of useful energy available may be much 
less than thiR theoretical value, i.e., lead has 3.84 
gin /A II theoretical and 8 gm/All actual. The rat- 
ing of batteries is usually based on a W1I per pound 
or WH per cubic inch basis and depending upon 
the couple used this will range from 10 WH per 
pound to fit) WH per pound and from .5 WH per 
cubic inch to 8 WH per cubic inch. Batteries to 
date are still the main source of I)C power relia- 
ble for service 

The following types of batteries are now' being 
produced : 

Secondary Batteries- Lead Acid; Nickel Iron 
alkaline (lOdison); Nickel Cadmium alkaline; 
Silver-Zinc alkaline 

Primary Batteries (Standard) Leclanche dry 
eell using either Zinc, Magnesium or Aluminum 
as the negative; KM or Mercury cell 
Primary Batteries (Reserve) ■ Lead dioxide Zinc 
nr Cadmium-Sulfuric Acid; Lead dioxide 
Lead Perchloric or Fluoboric acid; Silver 
ehloride-Magnesium water activated; Cuprous 
chloride Magnesium water activated; Silver 
dioxide-Zine alkaline 

P. L How v ui> 


Storage Butler it** 

Lead Hullcrie*. The lead battery reqm res a 
largo number of thin plates (from 12 to 17) to sup 
ply the henv\ currents required for automobile 
cranking. Other lead batteries are made with 
.fewer and thicker plates where heavy currents are 
not required but a longer life is desired. The maim 
factoring process usually begins with the casting 
of a framework or grid. A paste consisting priori 
pally of lead oxide is applied to this grid and dried. 
The plates are then charged, assembled and put 
into a container. The grid is a lattice work which 
supports the active material and conducts elec- 
tric current to the batter\ terminals These grids 
are usually cast from antimonial lead (load con- 
taining 7% to 12% antimony, and smaller amounts 
of tin, copper and arsenic). 

The paste has in the past been made from a wide 
variety of lead compounds. Most paste is mude by 
mixing a litharge containing 20 to 30% metallic 
lead with dilute sulfuric acid to give a paste of 
the desired density and consist cue y. The paste is 
then applied to the grids in automatic machinery 
and passed through an oven which, partly dries the 
plates. Finally, the plates are allowed to stand or 
cure for several days while the residual moisture 
dries, and most, of the metallic Ifrad is oxidized. 
This gives plates of good mechanical strength 
without introducing foreign “bonding agents" or 
requiring precisely controlled drying conditions. 

The oxide used for the negative plates contains 
about 1% of materials called expanders. These 
comprise carbon black, barium sulfate and an 
organic inutrnal usually derived from the lignin 
fraction of wood. They prevent a deterioration of 
plate capacity and a shrinking of the sponge lead. 


Valence 
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and hIho improve the capacity duriug a high rate 
low temperature discharge. 

After the plates have been cured, Ihey are as 
sembled and given their first charge. This charge is 
usually carried out in dilute sulfuric acid at a 
specific gravity of about 1.100, since a higher 
strength acid retards charge. After this first , or 
forming charge, the acid is replaced by a stronger 
acid. Maximum initial capacity for cold weather 
operation is attained with 1.300 acid. For high- 
temperature operation, a much better life is at 
Ini nod with 1.220 acid. Most batteries me made 
with 1.250 to 1.275 acid. This is measured at S0‘F 
compared with water at f»0 o F. The charge process 
converts the negative plate to sponge lead and the 
positive plate to lead dioxide. 

The ordinary automobile battery weighs about 
40 pounds, contains 3 cells, will deliver about 0 
volts, and has a capacity of 100 ampere hours at 
the 20 hour rate. It will deliver 300 amperes for 
about 3.5 minutes at 0 U F and an initial voltage of 
about 4.3 volts. It iH kept fully charged by a gen- 
erator which may deliver as much as 40 amperes to 
a discharged battery. The amount of charge cur- 
rent is controlled* by a voltage regulator. When- 
ever the battery voltage rises to about 7.5 volts, 
the charge current is automatically i educed to 
avoid excessive overcharging. The chemical rcnc 
(ion normally occurring in a battery is: 

Pb + Pb0 2 -I- 211 .SO, -s 2l*bS()| 4 2HX) + 2c 

when < is 90,500 ampere seconds if molecular 
weights are in grams. This reaction proceeds in 
either direction readily without the development 
of much heat, and without the consumption of 
water or production of gas When a battery is 
given an overcharge, water is decomposed by the 
reaction 

211,0 + 4c -♦ 21! • I O. . 

This reaction produces considerable heat, con- 
sumes water, and because of the high voltage and 
heat, tends to shorten battery life. With a good 
voltage regulator, water consumption of a battery 
is small and water is added to the battery not more 
than four times per year. Excessive water con- 
sumption, or zero water consumption, indicate 
something WTong with the electrical system of 
the automobile. The water added to the battery is 
usually specified as distilled water, but almost any 
water that is Bafe to drink is also harmless to the 
battery. 

The life of a battery depends on the service it 
receives. It is customary to guarantee a battery 
for IS months or 18, 000 miles, whichever occurs 
first. The average battery in privute automobile 
service will lost 24 to 36 months. The most^ fre- 
quent cause of failure is corrosion of the positive 
grid. No method of extending this life without 
sacrifice of other important properties has been 
proved by laboratory and field test. 

Industrial lead batteries are designed for a 
longer life. To attain this, they arc made heavier 
and sacrifice high rate performance. They are 
somewhat more expensive than automobile bat- 
teries, but have a life of five to thirty years. 


Whore industrial type batteries are discharged 
and recharged frequently, there is a tendency of 
the positive* active material to disintegrate and 
fall to the bottom of the cell. This can he retarded 
by the use of a barrier such as a glass mat or a 
perforated rubber envelope, or a combination of 
the two against the surface of the positive plate. 

Where batteries are used for stand-by service, 
the self-discharge is important. That is, when a 
battery is not being used and is left without either 
charge or discharge, there is a gradual Iohs of 
capacity. This amounts to 0 5 to 1% per day with 
automobile batteries at K0°F, and somewhat lower 
values for industrial batteries. Where batteries 
an* used in stand by service, they are usually 
given a low rate charge just sufficient, to make up 
for this self-discharge. This is called a floating 
charge and normally iR voltage controlled at 2.15 
to 2.20 volts per cell. 

Nickcl-lrcm Butteries. Between 1900 and 1910, 
Thomas A. Edison developed a nickel-iron battery 
which lias fo ind extensive use. It is mechanically 
more rugged than the lead battery. It uses an 
alkaline electrolyte which is less coriosive, and its 
active materials withstand electrical abuse in the 
form of overcharge, incomplete charging or pro- 
longed idle periods It also withstands high tem- 
peratures better and in general has a much better 
life. Its higher cost and different electrical charac- 
teristics have limited its use to electric truck 
propulsion and related heavy duty services. In 
general, it is not used where exceptionally heavy 
currents are icquircd, such as for automobile 
cranking, or where low temperature operation is 
requiiod 

The chemistry of the nickel-iron battery is not 
fully worked out The reaction has been written: 
TV 4 Xi < >2 • I '*<) 4- Ni(). 

The voltage? obtained indicate that probably 
two different higher oxides of nickel are present 
and are mutually soluble. Other studies indicate 
that the nickel oxides are hydrated. The electro- 
lyte is potassium hydroxide containing lithium 
hydroxide, and the specific gravity is 1.21. 

The negative plates are prepared from iron oxide 
containing a small amount of mercury oxide. 
These are sur- Minded by a nickel plated steel 
pocket pierced by many small boles to allow elec- 
trolyte and current to reach the active material. 
The posiiivi- plate consists of tubes of nickel 
plated steel with reinforcing bands. The active 
material is nickel <»• ale with alternate layers of 
metallic nickel flake to supply electrical conduc- 
tivity. 

The cell delivers an average of 1.25 volts during 
discharge at the five hour rate. Consequently, it 
requires approximately five cells to do the work of 
three lead-acid cells. The cells, however, arc 
smaller, and lighter so that the overall battery 
weight is slightly less and the volume somewhat 
higher than a lead battery of the same power out- 
put. The battery is usually rated at the 5 hour 
discharge rate, that is a 500 ampere hour battery 
will deliver 1(X) amperes for 5 hours. The normal 
charge is 100 amperes for 7 hours with this battery. 
This overcharge mokes it necessary to ventilate 
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the battery compartment sufficiently to carry off 
the heat developed, as well us the hydrogen and 
oxygen. 

Nickel -Cadmium Bal lories. Tf cadmium is 
substituted for the iron of the negative plate of t ho 
nickel-iron battery, it becomes possible to float 
charge the battery, and also to discharge it at. low 
temperatures. The result is the “tubular” type 
nickel cadmium battery. Only the positive plates 
are of tubular construction This difference in 
negative active material gives a battery which has 
achieved considerable success in Europe. 

if the tubular positives of such a battery are re 
placed by pocket type positives, the battery has a 
bettor high rate performance, but a somewhat 
inferior cycle life. The pocket type positive con- 
tains nickel oxide but uses graphite for electrical 
conductivity instead of the nickel flake used in 
tubular positives. These pocket type nickel 
cadmium batteries are manufactured in various 
plate thicknesses depending on the service desired. 
Thin plate batteries have a good high rate per- 
formance, but sacrifice low rate performance and 
are quite bulky. 

A third type of nickel cadmium battery uhoh 
sintered plates. For these batteries a special grade 
of nickel powder is heated in a mold until the par- 
ticles just begin to adhere The poies of these 
plates are then impregnated with a solution of the 
nick*d nitrate to make positive plates and witli 
cadmium nitrate to make negative plates If these 
plates are made quite thin, a battery is obtained 
which has excellent high rate performance, even at 
low temperatures. 

These various types of nickel cadmium butteries 
have not yet attained wide acceptance in the 
United States. They are relatively expensive and 
except for the sintered plate battery considerably 
more bulky than other batteries. They have a 
major advantage because their shelf life is excel- 
lent. Under best conditions, a battery will retain 
50% of its initial capacity after a year of idleness. 
Another advantage is that they can be easily 
charged at low r temperatures. 

Silvcr-Zinc Batteries. A still more recent, de- 
velopment is the silver zinc battery. This is an 
extremely expensive battery of relatively short 
life, but with a tremendous power output during a 
high rate discharge. The chemical reaction is: 
Ag(> + Zn — ZnO + Ag. 

The discharge voltage is 1.4 to 1.3 volts. The 
positive plate is a porous silver peroxide sponge, 
usually with a support of metallic silver. The 
negative plate is spongy zinc. 

This couple has been know'll for many years, but 
it was not a successful storage battery lieeauso 
zinc oxide is soluble in the potassium hydroxide 
electrode. The discharge product would, there- 
fore, settle to the bottom of the cell and during 
charge form spongy zinc not available for further 
useful wrork. Also a part of the silver would go into 
suspension and contaminate the zinc plate with 
metallic silver, where it promoted rapid self dis- 
charge. The development of a separator which 
would prevent the migration of silver and zinc was 
needed to make the battery useful. Such separa- 


tion has boon developed, and the silver-zinc bat- 
tery is now a commercial article. 

I. W.. Willi ii N(SA nz 

Cross-references: Electrochemistry, Ions 


BEILSTEIN, FRIEDERICH KONRAD (1838-1906) 

A noted (lermaii chemist w'ho almost single- 
handed compiled the first two editions and the 
main part of the third edition of hi** renowned 
“Iluiidbuch dcr Organischen ('hemic”. lie was 
born February 17, 1X3S in IVtmgrud of (icrmati 
parent*. After early education in the (Scrman 
schools of Pctrograd, he studied under Hun*en at 
Heidelberg, Liebig at. Munich, and with Wohler 
at Ciottingcn where lie received his doctor's degree 
in 1.X57. Following study witli WiiiI/ in I'aris and 
a brief assi.staiit.ship with Lowig al Hreslnu, he 
returned as privat dozent at ( lot t ingen for six 
years, 1X60 GO. Heilstein was invited to succeed 
Alendcl ^eff at the Imperial Technological Institute 
at Pctrograd where he remained until his retire 
input . 

After election to the Russian Academy of 
Science in 1XS7, he received a sufficient stipend to 
con*e ids teaching anti devote himself to his hand 
book. The first edition was sent in almost complete 
form to the publisher who accepted and published 
it within two years ISXO X2. With the aid ot a 
single assistant, the second edition was compiled 
and published from 1XSG 4 KI. When the growth of 
organic chemistry indicated ton colossal an under 
taking for one individual, Professoi Paul Jacobsen 
was invited to be co editor of the third edition 
•As Professor Jacobsen declined, the suggestion 
was made and carried out that the work be con- 
tinued under the auspices of the (lermaii Chemical 
Society. Jacobsen became the editor of the supple- 
ment of the third edition which w f as published 
two weeks before Heilstein died on October IN, 
1006. At once plans were made for the fourth edi- 
tion so that Heilstein's name will always be a 
byword in chemical circles. 

Heilstein also published about 100 papers on 
experimental research. Topics include the effect 
of temperature upon chlorination of organic com- 
pounds, a halogen test, isomerism of nitrotoluencs, 
and the composition of petroleum. With Fittig 
and Hubner, he was editor of “Die Zcilschrift 
fur ('hemic," from 1X05 to 1871. 

Vieoixia Hahtow 


BERYLLIUM AND COMPOUNDS 

Beryllium Metal. The element beryllium has 
an atomic number of 4, an utomic weight of 0.013 
and is in Croup II of the Pcriodie Table. It has 
a single valence state of 4-2, corresponding to 2S 
electrons in the L-shell. It lias only one stable iso- 
tope. The steel-gray metal, of close-packed hexag- 
onal crystal structure, is the only stable light 
metal (sp. gr. » 1.847) w r ith a high melting point 
(1,285°C). It is estimated that beryllium occurs 
in the earth's crust in the amount of approxi- 
mately 0.0005%. Thus, it is somewhat, more abun- 
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dant than arsenic, but less abundant than cesium. 
Beryl (3 BcO'AlsOa'O SiO«) is the only mineral of 
beryllium that is of commercial importance. The 
present largest sources are South America (Brazil, 
Argentina), Southern Africa, Southern Rhodesia, 
India and French Morocco. 

The production processes now in use involve 
three general steps: (1) production of beryllium 
hydroxide or oxide from beryl ore by either the 
Copaux-Kawccku Process (Beryllium Corp.) or 
the Sawyer-Kjellgran Process (Brush Beryllium 
Co.); (2) conversion to beryllium chloride or fluo- 
ride and (3) reduction to beryllium me.tal. 

Many of beryllium’s chemical properties are 
intermediate between those of magnesium and 
aluminum. All the common mineral acids attack 
beryllium metal readily with the exception of 
nitric acid, which if cold and concentrated, is 
without effect. Alkalies react with beryllium with 
the evolution of hydrogen to first form beryllium 
hydroxide Excess alkali will convert the hydrox- 
ide ton water soluble beiyllate (such as NujBcO.). 
This differs from a similarly formed illuminate in 
that tin* ben Hate is fairly easily hydrolyzed by 
heating or diluting V s solution 

At ordinary temperatures in normal atmosphere, 
beryllium metal shows good resistance to oxida- 
tion. At temperature* above 70t)°(\ oxidation 
becomes noticeable, increasing progressive! \ with 
increase in temperature. Above '.MR) (\ nitrogen 
attacks ben Ilium forming bervllium nitride 
(BeiN.<i; and carbon combines with bervllium to 
produce beryllium carbide (Be«C). 

Owing to its low atomic weight, beryllium lias 
an x ray transmission factor 17 times greater than 
aluminum and 0-10 times greater than Liudcmanu 
glass. This property, combined with its good 
strength and high melting point makes it ideally 
suited for windows in x ray tubes, especially 
where longer wave x rays are desirable It has 
proved advantageous in x ray diffraction work 
and microrudiogrnphy . 

Beryllium 1ms an electrical and theimal con- 
ductivity approximately 40% of that of copper, a 
thermal expansion about the same as steel and a 
Hound transmission 2'a times greater than steel. 
It is as light as most magnesium alloys while it 
has a strength-weight ratio superior to titanium 
or aluminum alloys. 

Despite its many interesting properties, beryl- 
lium, so far, has had only limited commercial ap 
plication, discounting its principal use as a 
hardening agent, in alloys. It is invaluable as a 
shielding and control agent in nuclear reactors, as 
its low neutron-capture and high neutron-scatter- 
ing cross sections make it a good moderator and/or 
relief tor of neutrons. 

Beryllium Alloys. Beryllium-aluminum base 
alloys have so far been used only in moderate 
quantities because of difficulties in producing 
large sound castings. However, since small addi- 
tions of beryllium to aluminum impart high 
strength, thermal stability and unusual oxidation 
resistance, potential uses may develop. A 26% 
beryllium alloy has a present limited application 
in camera shutters. 

Because of their unique properties, beryllium- 


copper alloy 8 have many applications in industry 
and are of great commercial and strategic im- 
portance. They have excellent fonnahility be- 
fore heat treatment and remarkable increase in 
strength and hardness sifter a simple low- tempera- 
ture preeipi tat ion-hardening. They exhibit struc- 
tural properties comparable to those of alloy 
steels. Among their many uses may be listed en- 
gine parts subject to extreme wear, vibration, or 
shock loading; high strength, current-currying 
springs; precision-instrument, diaphragms, bel- 
lows, springs and bourdon tubes; heavy duty 
brake and clutch drums; molds; and safety tools. 

Beryllium-iron alloys exhibit heat -hardening 
effects, but arc coarse-grained. This, however, 
can be partially count ei acted by addition of 
nickel. Addition of 1-2% beryllium to stainless 
steels increases strength and hardness, particu- 
larly at elevated temperatures, and improves cor- 
rosion and impact resistance. 

BrryUium-mayncsium alloys are difficult to pre- 
pare becausi magnesium has a boiling point 
(USOV) lower than the melting poi lit of beryllium 
(12N5"( < ) and because of little mutual solubility 
or compound formation However, addition of 
vciy small quantities of bervllium (.005-.()1%) to 
magnesium greatly reduce the flammability of 
magnesium ami retards its oxidation at the melt- 
ing point. 

Buylltum nickel hasr alloy containing 1.7 to 
2 1% bervllium N heat hardcnable in much the 
same manner as high beryllium copper. Its out 
standing attribute lies in its ability to be work- 
hardened. Potential applications for diamond 
drill bit matrix metal, watch balance wheels and 
springs, hypodermic needles and surgical instru- 
ments are indicated 

( loin pounds of Beryllium. Basic beryllium 
acetate [(Be 4 (>(t' H 4 ()j)f, , m.w. = 400.35, sp. gr. — 

1 .30] is soluble in hot glacial acetic acid and can 
readily be crystallized therefrom in very pure 
form. It is also soluble in chloroform and other 
organic solvents and melts at about 330 "C 1 with- 
out decomposition It is used as a source of pure 
beryllium salts. 

Beryllium carbide lBe»(\ m.w. = 30.036, sp. 
gr = 1.91) is produced when beryllium metal 
powder, intimately mixed with sugar carbon is 
iieated, in the absence of air. to temperature* of 
9(K) r (' gre.itei . The finely hexagonal, crystalline 
bervllium carbide i« hard and refractory. It is 
attacked vigorously *»y strong, hot alkali solu- 
tions forming methane gas ami alkali-heryllate. 
It has found limited use in atomic energy applica- 
tions 

Beryllium chloride (Be(’b , m.p. = 440°C, b.p. = 
520 °(\ sp. gr. = 1.5910 is a highly deliquescent, 
crystalline compound. It dissolves in w r ater w T ith 
great avidity accompanied by hydrolysis evolving 
hydrogen chloride. It is soluble in ether and alco- 
hol. Its vapor pressure is already high at its 
melting point. 

Beryllium fluoride (BoF- , m.w. *= 17.01, m.p. 
800°C, sp. gr. = 1.9K6") is used in the production 
of beryllium metal by reduction with magnesium 
metal. Finely ground BcF* is readily soluble in 
water and in alcohol. It is produced by the thermal 
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decomposition (at 9CXHJ50°O) of ammonium beryl- 
lium fluoride. 

Beryllium hydroxide [Bc(OH)«| is known to exist 
in two forms. The “Alpha** hydroxide is a chemi- 
cal individual of definite composition, it is a 
granular, crypto-crystalline powder prepared by 
precipitation from strongly alkaline solution of 
boryllate and drying at 100°C to BeO* 111/). The 
“Beta” h>'droxide is gelatinous and of indefinite 
composition. In either form beryllium hydroxide 
begins to decompose to beryllium oxide at 190°C, 
its transformation being complete at red heat. 

Beryllium nitrate [Bc(M). t )r3H/), m.w. = 
187.08, m.p. 60°CJ is produced commercially by 
dissolving beryllium oxide or hydroxide in con- 
centrated nitric acid and crystallizing out the 
nitrate salt. The crystals are deliquescent and 
have a strong odor of nitrogen pent oxide. It is 
fairly unstable and decomposes completely into 
beryllium oxide and nitrous gases at low red heat, 
suiting it for introducing beryllia into incandes- 
cent mantles. 

Beryllium nitride (Be AM N produced by heating 
beryllium metal powder in a dry, oxygen-free 
nitrogen atmosphere at temperatures of 700- 
1400°C. The hard, refractory nitride reacts with 
mineral acids to form the corresponding salts of 
beryllium and ammonia. Strong alkali solutions 
attack it rcudilv, liberating ammonia. It has ap- 
plications in the nuclear energy program and is 
cu rently used in producing the radioactive car- 
bon isotope (G H ) for tracer uses. 

Beryllium oxide (BeO, m.w. — 25.013, m.p. = 
2570°C, sp. gr. = 3.025, sp. heat = 0.299 cal/g at 
100°C and Mohs hardness =* 9) is a white, high 
temperature refractory. It is characterized by 
its excellent thermal conductivity* high electrical 
resistance even at elevated temperatures ami good 
resistance to thermal shock and to chemical at- 
tack. These important properties coupled with 
good strength suit it admirably for refractory 
crucible material. In addition, it has high di- 
electric. strength. It has found use as a neutron 
reflector in power reactors. Other uses include 
liners for rocket and combustion chambers and 
high temperature electric furnaces, additive in 
H|>ecia] glass for high-sjwed light transmission and 
component in phosphors for television screens 
and x-ray equipment. 

Beryllium aulfate (BcS() 4 -tH/), m.w. « 177.14, 
sp. gr. = 1.713) is readily water-soluble, of definite 
composition, stable and well adapted to crystalli- 
zation (a saturated water solution contains 30.5% 
BeS (>4 by weight at 30°C and 65.2% BeS0 4 at 
111°C). When heated in air it progressively loses 
water of crystallization, resulting in the anhy- 
drous salt at 400°C. This is stable up to 530°C; 
at 55Q-600°C, sulfur trioxide is slowly lost and at 
1000°C the conversion to beryllium oxide is com- 
plete. 

Toxicity. During recent years medical reseach 
groups have devoted much time to the study of 
the effect of beryllium and its compounds on the 
human body. The exact role played by the beryl- 
lium atom itself is not clearly understood, espe- 
cially since the intensity of the attack on the Bkin 
or mucous membranes varies greatly with the 


element, or the elements combined with the beryl- 
lium atom and with the individual exposed. As 
far as is known, no eases of digestive poisoning 
due to ingest ion of beryllium have been recorded 
in the beryllium industry, and further, no cases of 
dermatitis or pneumonitis have been reported as 
duo to the mining of beryl ore, or the mechunieal 
working or handling of low beryllium alloys, such 
as the beryllium copper alloys now in use. How- 
ever, soluble compounds of beryllium may cause 
dermatitis, and acute pneumonitis may be en- 
countered when mists, dust, or fumes of these 
compounds from melting the metal and its alloys, 
are inhaled. The sensitivity of individuals varies 
greatly. A few individuals arc 1 supersensitive and 
therefore cannot be employed in the beryllium 
industry. Medical authorities assert also that 
mists, dust, or fumes coni: lining beryllium or its 
compounds may be instrumental in causing a de- 
layed type of pneumonitis, which develops rela- 
tively slowly and may extend over a period of 
years This health hazard is less understood than 
dermatitis and acute pneumonitis, and has been 
the subject of extended investigation by the 
United States health authorities and oilier medi- 
cal groups to determine anv participation of 
beryllium or its compounds in the development 
of this disease. 

The beryllium health hazard is effectively re- 
duced by proper ventilation, frequent washing 
of the hands, arms, face, and neck, and showers 
at the end of each shift. It is also advisable 1 to 
have the plant physician check the client of every 
employee* at frequent intervals and to x rn\ all 
employees at least once a \ear. 

Bis not Kjellohkn and F. A Vixri 


BERZELIUS, JONS JAKOB (1779-1848) 

A noted Swedish chemist, chief arbiter of the 
chemical world for manv years. He w r ns born 
August 20, 1779 at Vafersunda, OMergolIanel, 
Sweden. After his early years at the hinkoping 
Gymnasium and the University of Upsala, where 
he studied medicine, he held several positions 
before lie w r as professor at the Karolina Institute 
in Stockholm. 

Ilis contributions to chemical theory and prac- 
tice were fundamental. To substantiate Dalton’s 
Atomic Theory, Berzelius determined utomic 
weights for 43 elements. The accuracy of his re- 
sults established quantitative analysis as the 
criterion by which all subsequent, theories must 
be proved. Berzelius proposed hjs dualist ie theory 
by which unions of positive and negative sub- 
stances with recognized individual entities, ele- 
mentary or compound, produced all compounds. 
This theory emphasized oxides and the associa- 
tion of electricity with chemicul affinity. The 
dualistr: theory was overthrown by its inapplica- 
bility to ammonia, hydrogen halides, ternary 
compounds, and organic molecular structure. 

Berzelius recognized and coined the words for 
isomers and catalysis. To him we owe our modern 
symbols with their quantitative significance, an 
early classification of minerals by their chemical 
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composition, perfection of blowpipe analysis, clear 
recognition of organic radicals which maintain 
their identity in u series of reactions, and a num- 
ber of theories about organic molecular structure, 
lit* discovered selenium and thorium, and isolated 
silicon, titanium, and zirconium. 

Berzelius was the author of a textbook for 
chemistry and from 1H19 to his death prepared 
an annual survey of chemistry, his well known 
“Juhresbericht”. He taught many famous men, 
(\ (1. (biielin, Mitscherlich, both Heinrich ami 
(lustav Hose, and Wohler. After many honors 
including that of baron, Horzelius died August 7, 
ISIS. 

VlIUiIM v Burrow 


BET THEORY 


The data of adsorption can be most conveniently 
represented by adsorption isotherms, i.e., plots 
of the amount of material adsorbed against its 
partial pressure, concentration or activity after 
equilibrium is established in the system at a con- 
stant temporal cut*. ’In the literature of the ad- 
sorption oi gases and vapors, five different types of 
isotherms have been found, as shown in Fig. 1. A 
complete theory of these isotherms would furnish 
a complete understanding of the phenomenon; 
however, such theory does not exist. The BET 
thoor\ offers a qualitative explanation for all live 
isotherm types but only a partial solution of the 
quantitative aspects of the problem. 

The first theoretical treatment of the adsorption 
isotherm was advanced by Langmuir in 1015. lie 
reasoned that at equilibrium the amount adsorbed 
on a given adsorbent w'us constant at a given 
temperature and pressure; consequent 1> . the rate 
of adsorption must be equal to the rate of desorp- 
tion. He assumed that (a) adsorption took place 
only on the bare surface of the adsorbent, i.e., 
only a single la>er was adsorbed; and (l)j the rate 
of desorption was directly proportional to the 
amount adsorbed. The second assumption implies 
a constant beat of adsorption throughout the eu 
tire range of adsorption. 

On the basis of these two assumptions I augmuir 
derived the equation 


h 
1 + 


( 1 ) 


where!? is the fraction of the surface covered with 
adsorbed molecules, v is the volume of gas ad- 
sorbed, f’ w is the volume of gas necessary to cover 
the entire surface with a unimolccular layer of 
adsorbed gas, p is the equilibrium pressure, and b 
is a constant at constant temperature. Kq. (1) 
gives a good representation of the Type I iso- 
therm, shown in Fig. 1. 

The adsorption of vapors in most cases gives 
Type II, or 8-shaped, isotherms. In 193S Brunauer, 
Emmett and Teller published an equation that 
accounted for this type of isotherm. They dis- 
carded the idea that vapor adsorption was uni- 
molecular, and used, instead the following as- 
sumptions: (a) adsorption vras multimolecular, 


and each separate layer obeyed a Langmuir equa- 
tion; (b) tin 1 average heat of adsorption in the 
second adsorbed layer was the same ns in the third 
and higher layers, and it was equal to the heat of 
condensation of the vapor; and (c) the average 
heat of adsorption in the first adsorbed layer wuis 
different from that of the second and higher 
layers. The equation, in its linear form, is 

i'\p* - p) v m r. v m c p A 

where p , v and v m have the same meaning as in 
Eq. (1), pn is the saturation pressure of the vapor 
(or the vapor pressure), ami r is a constant at 
constant temperature. Harkins named Eq. (2) the 
BET equation, from the initials of its authors. 

Most vapor adsorption isotherms plotted ac- 
cording to Kq. (2) give straight lines in the rango 
p/p, = 0.05 to 0.35. The constants v m and c can be 
calculated from the slope and intercept of tho 
straight line. From v m the surface area of the ad- 
sorbent can be evaluated. The number of mole- 
cules that cover the. adsorbent with a complete 
monolayer is given by v n , and the area covered 
by a molecule is obtained (a) by calculating a 
spherical volume for the molecule from the density 
of the liquid, and (bl by assuming hexagonal close- 
packing of spheres on the surface. An alternative 
method of obtaining the area of a molecule is to 
ii e a two dimensional analog of the van dcr Waals 
equation. The two methods give approximately 
the same molecular surface areas. 

The surface area values obtained for a variety 
of adsorbents by means of the BET equation 
agreed in all cases within a few per cent with tho 
surface areas determined by direct visual means 
e £., by elect! o»i microscope), where such de- 
terminations wc i possible. For porous adsorbents 
a number of indirect surface area measurements 
confirmed the BIOT values. Thus, at present, the 
method is regarded as the most reliable one for the 
determination of the surface areas of finely divided 
substances, and largely because of this the BET 
equation is the most widely used isotherm equa- 
tion in the field of adsorption. 

The constant is given by 

e = K '<' lRT (3) 

w here r, is another constant , /s*i is the average heat 



Fig. 1. Types of physical adsorption isotherms. 
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of adsorption in the first layer, E L is the heat of 
liquefaction of the vapor, H is the gas const an i 
and T is the absolute temperature. The difference* 
E\ — A’f, is called the net heat of adsorption. 
Classic and Hill independently derived an equa- 
tion, formally identical with the BET equation, 
by statistical mechanics and found that 

n jJjt (n 

w r here./ u and j r are the pressure -independent parts 
of the partition functions of the adsorbate and 
the liquid, respectively. 

From the constant r one can obtain an approxi- 
mate estimate of Ei , the average heat of adsorp- 
tion in the first layer, and the values so obtained 
are in semi-quantitative agreement with the ex- 
perimental results. Hep (2) also correctly describes 
the temperature dependence of the adsorption 
isotherms. 

The equation gives loo low* adsorption values 
below* p/p, = 0.05 and too high values above 
p/p , = 0.35. The former discrepancy is caused by 
the heterogeneity of the surface of the adsorbent, 
the latter by the pore structure of the adsorbent. 

The BET equation was derived for adsorption 
on a free surface, and it w*as assumed that at p, an 
infinite number of layers could build up on the 
surface of the adsorbent. In a porous adsorbent 
even at saturation pressure only a finite number 
of adsorbed layers can build up. For this case the 
isotherm equation is 

r vjt 1 — (n I- l)/ n -I 

~ — (if) 

r m 1 — s l 4 (r — 1 )jt cjr nTl 

where jr is the relative pressure [p p,) % n is the # 
maximum number of layers that can be adsorbed, 
and the other terms have the same meaning as in 
Kq. (2). For n — •* , Kq. (5) reduces to Eq. (2), 
and for n = l it reduces to the Langmuir equation, 
Kq. (1). 

The three- parameter BIOT equation gives a bet- 
ter fit at higher relative pressures than the two- 
parameter equation, but it does not fit the data up 
to saturation pressure. Pickett, Anderson, Cook, 
Dole, lluttig and others introduced semi empirical 
modifications of the BET equation and obtained 
better fits at higher relative pressures for certain 
isotherms. There exists, however, no isotherm 
equation that can give good agreement with ex- 
periment throughout the entire pressure ra^ige, 
from p * 0 to p ■= p, . 

The theoretieal interpretation of the Type III 
IV and V isotherms of Fig. 1 was given by 
Brunauer, Deming, Deming and Teller. They 
showed that Kq. (2) represents a Type 111 iso- 
therm if c = 1 or smaller. The data of Heycrson 
and Cameron for the adsorption of bromine Hud 
iodine on si lien gel w*oro well fitted by t he equation. 
Also, the surface urea of the adsorbent, the aver- 
age heat of adsorption and the temperature de- 
pendence of the isotherms were accurately given 
by the equation. 

In the Type IV and V isotherms the attainment 
of saturation adsorption below* saturation pres- 
sure was attributed to capillary condensation. A 
four -parameter equation was developed, in which 
the fourth parameter was dependent on the heat of 


capillary condensation. The equations fitted cer- 
tain experimental data fairly well ; t he surface area 
and the temperature dependence were accurately 
obtained, and reasonable values were found for 
the heat of adsorption and the heat of capillary 
condensation. 

Stkphkn HlU’NAUKR 
C IrosM -references : A tlsorpti on 


BILE ACIDS 

The bile acids are mnnncarbnxylic acids of (he 
steroid group with 21 atoms and one to three 
secondary hydroxyl groups. They occur in tin* 
bile of all vertebrates from I he telcosts upward, 
mostly in peptidie conjugation with glycine or 
taurine. The hydroxy groups are situated on (m , 
(\ , ( *7 , and (\» , all ina-positiou (see table) 

The bile acids arc the most important iugredi 
cut of the bile, the secretion of the liver, which 
is stored in most vertebrates in a gallbladder; 
there the bile is concent rated and its reaction 
changes from slightly alkaline to weakly acidic. 
Hence it is intermittently released into the duo- 
denum where it emulsifies the alimentary lipides 
prior to their hydrolysis by pane lent if lipase. 
About io of the total amount of bile acids ex- 
crete d is re -absorbed further (low n in the intestine. 
Thus, the liver has to replace only the portion 
lost with the feces and through ralnboliMii. Oxi 
datiou of the bile acids leads as a first step to the 
conversion of the secondary h>drox\ groups to 
keto groups. Some such keto acids have been iso- 
lated from animal bile. The tn vitro oxidation 
product of cholic acid, dehydrocholic acid (3,7,12- 
triketocholanic acid) is used as a choleretic, i.c., 
as a stimulant of the hilc flow. 


Name in Pusilions 

Lifhocholic acid 3 

Hvdrodeoxycholie acid 3 (i 

('henodenoxy cholic acid 3 7 

Dihvdroisobiifocholaiuc acid 3 12 

Isodcoxy cholic acid (syntli.) 3 21 

(’holic acid 3 7 12 

(I Phocucholic acid 3 7 23 


Bile acids share with fatty acids the power to 
he.molyze red blood corpuscles. More speeifie is 
their ability to induce the lysis of live pneumo- 
cocci, the so called Noufeld phenomenon, which 
is widely utilized in bacteriological technique. De- 
hydrogenation of a bile arid derivative leads to 
the pent acyclic aromatic methylcholanthrene, 
one of the most potent chemical carcinogens. A. 
number of naturally occurring steroids also shows 
minor carcinogenic activity. However, the hy- 
pothesis that aromatization of steroids takes place 
in the animal body and leads t.0 actual carcino- 
genesis has been discarded. 

Various color reactions are specific for bile 
acids; they go back to Pcttcnkofer’s reaction with 
sucrose and concent rated sulfuric acid ; in numer- 
ous modifications the sugar has been replaced by 
furfural, vanillin and other compounds, and con- 
centrated sulfuric acid by more dilute sulfuric 
acid, phosphoric acid and hydrochloric acid. The 
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ultraviolet absorption before and after treatment 
willi sulfuric acid (65%) seems to give the best 
differentiation of the two most important bile 
acids, cholic acid and desoxycholic acid. 

Toads, which .show peculiarities in steroid 
metabolism in connection with the elaboration of 
their poisonous secretion, also contain unusual 
bile acids with 27 carbon atoms. While the teleost 
fish produce bile acids, the clasmohraurhs use in 
lieu of bile acids the sulfate ester of a neutral 
steroid, scymnol ((b/llioOr.), a tetra valent alco 
hoi with an oxide bridge. Related neutral poly- 
hydroxy steroids, presumably intermediate in the 
formation of bile acids, have been found in mad’s 
bile, when synthetic processes are slowed down 
during “hiberuat ion”. 

The steroids in general and the bile acids in 
particular exhibit a great tendency to form com- 
plexes with fat tv acids, hydrocarbons, and other 
organic compounds. This property is most pro 
liounced in deoxycholic acid; the resulting coor- 
dination compounds are known as “choleic acids” 
They show the usual coordination numbers 1, 2, 
I. 6 and S molecules of deoxy cholic acid to one 
molecule of the •“.■icholic” component They exist 
in the crystalline state and their composition is 
revealed by melting point diagrams. They disso- 
ciate in solution Whether they' an* built on a 
central or axial symmetrical plan, has not yet 
been decided b\ x-ra\ crystallography. Because 
of theopticalactivity of desow cholic acid, choleic 
acids may serve to resolve* racemates. 

II \riiy Soiiotk \ 
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BINDING AGENTS (RESINOUS) 

Some resinous materials, both natural and 
synthetic, have an affinity for wetting other sur- 
faces. When these liquid resinous substances are 
thickened, either by evaporation of volatile matter 
or because of inter- or intramolecular chemical 
reactions, the tendency to adhere to other surfaces 
may be preserved. This capacity of a low viscosit \ 
resin to wet a surface and to retain adhesiveness 
after thickening is the chief propeity ol binding 
agents. This feature is utilized in the compounding 
of adhesives, paints and plastics. 

Despite many years of intensive research, rela- 
tively' little is known about why some types of 
resins, such as epoxy resins, drying oils, and 
natural rubber, have good wetting and adhesive 
properties, whereas others, like butyl rubber, 
polyethylene and polyvinylchloride resins, an* 
inferior in these respeets. In practice, experience 
has shown that some can be used as glues and 
others cannot, depending on what surfaces are to 
be joined. If tillers are dispersed in the resin (e.g. 
pigments, wood dusts, glass oi organic fibers), the 
binding qualities are very' important. A strong 
structural plastic, rubber tire, or paint film can 
bp obtained only' if the resinous continuum is a 
good adhesive belwccn the dispersed filler bodies 
incorporated in the resin. If the adhesion is good 
and the filler is properly' chosen, the heterogeneous 
composition can have greater toughness and 


strength than is possessed by the unmodified resin 
itself. When used in binders, a filler is either inert , 
that is, it causes no degradation of plant ie proper- 
ties, or rrtnfotnutj , when it actually' improves the 
properties of the resinous mass. When the wetting 
and adhesive properties of the binder are inferior 
for particular fillers, it may be impossible to 
compound a homogeneous mixture, or at best the 
strength of the mixture is inferior to unmodified 
resi n . 

Binding agents may be regarded as adhesive 
liquids of very high viscosity. The chemical and 
mechanical properties of the adhesive, paint or 
plastic using such binding agents depends largely 
on the resistance the resin has to chemical de- 
terioration and upon its viscoelastic properties. 
Since the landing agent is the continuous medium 
in any combination with fillers, it largely' deter- 
mines flic properties of the mass even though it 
may be present in minor proport ions. Kor example, 
a rubber tire may contain less than 50 percent of 
rubber, and many plastics and paints may* contain 
less than 20 weight percent of natural or sy uthctic 
resin. 

A great number of commercially’ available res- 
inous materials have binding properties; for ex- 
ample, casein glues, drying oils, natural and some 
synthetic rubbers, polvvinylacetatc. epoxy resins, 
and inanv others. The number of commercial 
resins lacking notable binding properties is few-, 
for example, some vinyl polymers (particularly the 
polyfluoroethx lene types), polyethylene, poly- 
styrene. and isobutylene polymers. Where fund- 
ing properties are inferior, the versatility* of the 
resin as a component of commercial plastics or 
coatings is ver\ limited and its use as an adhesive 
is virtually* i il. 

Wii.iavM vox Kim iikk \\i> K. («. Bo walks 
Cross -rcft*rc-»i< es: Atlhrstres , Rubber 


BIOCHEMISTRY 

The term “biochemistry,” which deals with the 
chemistry' of living things, means now about w'hat 
“oi gatiic chemistry” meant before Wohler, whose 
synthesis of urea (IS2S) marked a turning point. 
I’p to that time there was “mineral chemistry” 
which dealt with minerals, and “organic cliem 
istry” which dealt w'ilh the chemistry' of organ- 
isms. Organic chemistry has now’ conic to have* a 
much more restricted, and in a sense an expanded, 
meaning the chemistry of carbon compounds- ■ 
and biochemistry encompasses not only the or- 
ganic chemistry of living things, but the inorganic 
chemistry' as well- the latter a very important 
subdivision. 

Biochemistry' includes in its purview* all of the 
major branches of chemistry as they an* related 
to living things. Thus a biochemist may be in- 
terested in any' one of a number of broad topics — 
the physical chemistry of living things, the col- 
loidal chemistry of living things, the electro- 
chemistry of living things, catalysis in living 
things, photochemistry as it applies to living 
things, e.g., photosynthesis, etc. He may use all 
sortH of tools: micrnunulysis, spectroscopic analy- 
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His of various types, elect roan a lysis of different 
sorts, colorimetry, turbidimetry, isotopic tracer 
techniques, in short, almost any technique that 
is used by chemists in tiny area. Preparation for 
biochemist rv therefore demands a sound training 
in all the fundamental branches of chemistry and 
a good foundation in mathematics and pin sics. 
Mince the material studied is biological, a grasp 
of the essentials of biology is also needed. 

The immediate forerunner of biochemistry as 
it is known today is the “physiological chemistry” 
os it has been taught for several decades in medical 
schools. This, of course, has its renter of interest 
in mammalian and human biochemistry with more 
or less emphasis on clinical and pathological find 
ings. Plant Physiology is another field closely re 
lated to biochemistry, but its development from 
the chemical standpoint has been relatively slow, 
partly because there has been no one kind of plant 
organism on which everyone in the large* field 
would willingly focus attention. 

In the earlier development of biochemistry the 
emphasis was necessarily upon the topic: the 
composition of living matter. This, of course, was 
aud is fundamental, and until a substantial store- 
house of information and insight accumulated in 
this area, there was no opportunity to study some 
of the more absorbing problems related to how 
organisms live The development of biochemistry 
in tliis area is therefore intimately tied to advances 
in the fields of protein, carbohydrate and lipide 
chemistry as well as the chemistry of numerous 
miscellaneous substances which aNo enter into 
the make up of living things 

Karlier books and treatises on biochemistry 
t whether called by this name or not) were often 
content to deal with the “straight chemist ry” of 
cellular constituents and excretion products and 
leave to physiologists or others speculation re- 
garding how these constituents functioned and 
why they were present. In the course of the de- 
velopment , however, particularly iu the past *25 
years, there has been an increasing interest in the 
topics: Nutrition and Metabolism. 

Having learned in earlier decades something 
about the composition of living matter (there is, 
of course, still much to be learned in this area), 
biochemists have become engrossed in the ques- 
tion: What do organisms need in their food? For 
different types of organisms the answer to this 
question may be very different. Some organisms 
such as single-celled algae, for example, are able 
to utilize the energy of .sunlight for building up 
organic matter and do not require in their food 
any energy- yielding organic material whatever. 
Others such as molds, as well as certain hnctciia, 
have relatively very simple organic requirements. 
Sometimes a form of carbohydrate is the only 
organic substance needed. In all such eases it is a 
mistake to think of the organisms as simple. In- 
deed, they must possess a most intricate mass of 
synthetic machinery because they contain in their 
make-up a wide assortment of organic materials — 
carbohydrates, lipides, proteins, including those 
in cell nuclei, vitamins, etc. — all of which must 
be built up from relatively simple starting ma- 
terials. 


Such organisms, however, have mineral require- 
ments which are absolute ami fairly numerous. 
Some elements arc* needed in relatively large 
amounts, others in minute traces. No organism 
so far as we know is able to bring about a trans- 
formation of one element to another; if molyh 
denum, for example, is ;m essential cell constituent 
for a particular organism, it must be supplied by 
food. Investigations of trace element require- 
ments can be carried out with greater ease in 
organisms which have simple organic require- 
ments than with those (eg mammals) which re- 
quire complex organic food In general, insofar 
as evidence is available, there is a high degree of 
unity in the hinlogieul kingdom, and a number of 
the trace elements are known to be needed alike, 
for a wide spectrum of organisms from singlc- 
celled plants to the most complex multicellular 
animals. At the other end of the biological scale, 
so far as onjamr food requirements are concerned, 
are such organisms as mammals which need to he 
supplied a multiplicity of organic materials of 
diverse nature without which they cannot live*. 

It is well to call attention also to the fact that 
various organisms which have a complex life 
history may have very different nutritional re 
quireinonts at different stages in their de\elop 
ment. For example, insects mnv. at the* larva 
stage, have very exacting and complicated require 
ments for growth mid development, but after 
they become adult Hies, for example, they mnv be 
able to subsist on a very simple energy -> ielding 
fare. Similar observations apply to typical seed 
plants. We may think of green plants, since they 
are capable of carrying on photosynthesis, as 
’having very simple nutritional requirements In 
the life history of a seed plant, however, there is 
a time— before its photosynthetic apparatus is 
developed when its requirements may be highly 
complex. A typical seed, besides carrying a par 
tiall.v developed embryo, carries a store of organic 
muterial, carbohydrate*, fats, proteins and vita- 
mins, which suppl.v the developing embryo with 
what it needs for early development. The needs 
at this stage may be comparable in complexity' 
to those of mammals. 

Nutrition has been studied most thoroughly' as 
it applies to young mammals, notably weanling 
rats. Of the various types of organic compounds 
found in the tissues, it is notable that, certain 
ones must bo supplied in the foods, while others 
need not be. Thus while carbohydrates are from 
the quantitative standpoint a Qiost important, 
food for mammals, there appears to be no obliga- 
tory requirement for carbohydrate. Fats and phos- 
pholipidcs, particularly the latter, are highly 
important tissue constituents, yet young mammals 
can thrive without anything of this nature being 
supplied in the diet, with the exception of small 
amounts of certain unsaturated acids: linoleic or 
linolenic acids. Proteins as such are not required 
by young mammals, hut certain essential building 
stones are: histidine, lysine, tryptophan, phenyl 
alanine, leucine, isoleucitie, threonine, methio- 
nine, valine. Nucleic acids, while playing an extra- 
ordinary role in cell reproduction and activity, 
are quite dispensable nutritionally for young ani- 
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mals. At this point it may ho well to mention that 
requirements for growth in mammals and fowls 
are more exacting and defieieneies are easier to 
demonstrate in the early stages of growth than at 
or near maturity. It cannot he assumed that in 
mammals the nutritional needs are the same 
throughout the life span. 

A vast new area in nutrition has developed, 
mostly in the last half century, in the discovery of 
vitamins. These nutritionally required sub- 
stances, which often play catalytic roles, are dis- 
cussed more fully in a section devoted to that 
subject. 

A major part of the subject of biochemistry is 
that devoted to metabolism. This has to do with 
all the chemical events which transpire from tin* 
time food material is taken in bv the organism 
until it is made use of and the waste products 
are eliminated. In mammals, for example, di- 
gestion and absorption are preliminary steps, 
followed in the body proper bv an intricate series 
of degradations, syntheses, transformations, and 
oxidations, all of which may involve cyclical 
processes. These events are distinctive for each 
substance mekdmi.,.* d and are often localized 
with respect to organs, tissues and types of cells 
involved. Since there arc* numerous substances 
entering into metabolism, the* subject as a whole 
is vast . 

Chemical reactions taking place within organ 
isms are most often mediated h\ specific catalysts 
built up b> the organism for the purpose, liven 
such a commonplace reaction as the decomposi- 
tion of carbonic acid into carbon dioxide and water 
is mediated by a specific en/Miie catalyst, car- 
bonic anhydrase Into the make up of these on 
z,\ mos go the essential protein building stones, 
and often vitamins and trace elements Carbonic 
anhydrase, for example, contains zinc, and one ba 
sis for the need of this element is its presence in 
t his indispensable on/yme The number of enzymes 
produced by mammalian organisms is large. For 
example, instead of two or three en/xines being 
required lor protein digestion, there are perhaps 
dozens. While we often think of enzymes as being 
present in minute amounts, this is not always the 
ease, audit is probable that a substantial part of 
the total protein in a mammalian body has enzv 
malic functions. Man\ enzymes and apoen/yines 
(discussed elsewhere) have been isolated in the 
• form of purified proteins. 

One of the large areas of metabolism which is as 
yet relatively obscure has to do with the interre- 
lations between hormones and enzymatic processes. 
Hormones (which are discussed moie fully else- 
where) are produced in various localities and are 
transported bv the blood to their site or sites of 
action. Though some starts have been made to- 
ward elueidatiug how they perform their func- 
tions, this section of biochemical history is largely 
yet to be written. It may be presumed in many 
eases that they play a catalytic role, but this is 
difficult to demonstrate. lOnzyines can be shown 
to bo Catalysts by the most rigorous type of chem- 
ical experiment. Hormones, however, usually 
exhibit their effects within living organisms and 


when they are studied for direct chemical effects 
in vitro the results are generally negative. 

A relatively new area of investigation which 
impinges directly upon problems of nutrition and 
metabolism is that of biochemical genetics It is 
now apparent, on the basis of numerous studies, 
that the ability to produce the multiplicity of 
specific enzymes contained in an organism is 
transmitted through the genes, just as arc the 
capabilities for producing specific morphological 
stiuetiires. Different species of animals, for ex- 
ample, are different with respect to their metabo 
lisms, because of differences in their inherited 
genes. These in turn also make them different in 
their nutritional needs, (iuinea pigs, monkeys 
ami huinims require ascorbic acid in their food 
because the guinea pig, monkey and human genes 
do not transmit the capability of producing the 
enzymatic machinery necessary for its synthesis. 
Hats and dogs, for example, have transmitted 
through thei • genes the ability to produce ascorbic 
acid as needed. In view’ of the complete depend- 
ence of cn/.Miic production on genic transmission, 
it becomes increasingly certain that substantial 
differences in metabolism and in nutritional needs 
exist not only between different species of ani- 
mals. but between different strains and individuals 
within the same species This finding has far- 
reaching potentialities in relation to both the 
susceptibility to and the treatment of disease. 

Biochemistry is rich in intriguing problems. 
How is stored chemical energy transformed into 
mechanical energy when muscles work? Just, what 
arc nerve impulses and what chemical reactions 
underlie their variable speed of propagation? 
What chemical mechanisms are involved in the 
process of photosynthesis and can these be dupli- 
cated artifica.S* * What chemistry is involved in 
the process of ■ ision? What are the details of the 
enzymatic process whereby bioluiuineseenee 
(cold light ) : s produced? What chemically is back 
of the process of differentiation, whereby parent 
cells produce progeny which are entirely different 
from the parents? How and whv do cancer cells 
arise, and what keeps them from arising much 
more often than they do? When specific drugs act 
upon the bod\ , what phases of metabolism and 
what enzyme systems do they influence? 

Answers to these questions and many others 
are being continually sought, and the successes 
and partial successes which have resulted make 
* be field of biochemistry attractive to larger and 
larger numbers of scientifically inclined men and 
women. 

ItouK.n J. Williams 
Onus -references: Xutrition, Vitamins . Hor- 
mones , Enzymes 


BISMUTH AND COMPOUNDS 

In the middle ages Kuropeana had recognized 
bismuth as a specific elcmcnl and referred to it as 
wismut which was later Latinized to bisemutum. 
Bismuth occurs in the earth's crust in about the 
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same abundance as silver. Although it is found as 
native bismuth, the major portion is combined in 
ores. The minerals are widely distributed in the 
world but in small quantities. An estimated 
2,000,000 to 4,000,000 pounds of bismuth Mere pro- 
duced annually in the world over the last decode. 
40-50% of this ib refined in this country. 

The primary source of bismuth in the western 
hemisphere is as a by-product of copper and lead 
smelting and refining. The bismuth occurs in ores 
with these* metals and remains with the metals 
after smelting. Bismuth is recovered from copper 
in the anode slimes during the elect roly tical re- 
fining and the procedure for handling the slimes is 
such that the bismuth is collected in lead. Bismuth 
is removed from lead during the refining by the 
Bctterton-Kroll process, which depends upon the 
formation of calcium-bismuth and magnesium- 
bismuth compounds whose high melting points 
and lower density permit them to be licpiatcd from 
the lead bath. The enriched bismuth dross is freed 
of calcium, magnesium and lead by chlorination. 

Bismuth will fracture as a brittle, crystalline 
metal having a high metallic luster with a pinkish 
tinge. As a member of Group VB of the Periodic 
Table, it is in the same subgroup as arsenic and 
ant imony . 


Atomic No. S3 

At « tiic Weight 201) 

Density— 20°C g/cm 1 9.80 

Density -271.3°C g/cm 3 10 0(57 

Density 20°C lb/in 3 0.351 

Atomic Volume -- u - m 21.3 

g-atom 

Melting point '-°C 271.3 

Boiling point— °0 1420 

Specific heat- 20°C cal/g/‘C 0.0294 

Heat of fusion -cal/g 12.5 

Vapor pressure --540°C 10 3 mm 

S40°C 1 mm 

1200°C 100 mm 


Gnstal form - Rhombohedral 
A « 1.7361 A 0 
Axial angle -57° 11.2' 

Bismuth is one of the few metals (antimony and 
gallium the others) which increases in volume on 
solidification, this expansion being 3.32%. The 
thermal conductivity of bismuth is lower than any 
metal with the exception of mercury. The most 
diamugnetic of all metals, bismuth has a mass 
susceptibility of —1.35 X HP. 

The low absorption cross section of bismuth for 
thermal neutrons has focused attention upon it as 
a possible coolant for nuclear reactors. 

Bismuth alloys with a number of other low r - 
melting elements to form a group of alloys com- 
monly referred to as “fusible alloys”. The follow- 
ing table gives a number of the common eutectic 
compositions and melting temperatures: 





138 

System 

Composition 

Kutect it 
Temper 
ature 

CM— Bi 


IK) Bi 

MIT 

In— Bi 


.1.) 7 Hi 

72T 



l>7 0 Bi 

lOft’C 

Pb- Hi 


50 5 Hi 

125T 

Nii Bi 


5N Hi 

KMT 

Pb Sn-Bi 


52 Hi Hi Sn .12 PI. 

<I0T 

Pb-CM- Bi 


52 Hi M (M 40 PI. 

«2T 

Sn-(M- Bi 


54 Hi 20 (M 20 Sn 

102T 

In— Sn - Bi 


5H Hi 17 Sn 25 In 

711 C 

Pb Bn (M 

Hi 

50 Bi-10 Cfl-1.1 .1 Sn-20.7 Pb 

70T 

In- Pb Si» 

Hi 

40 1 Hi ll.GHn-lKPIi-21 In 

57 V 

In <M l*b 

Sn Hi 

11 7 lb-5 JCM-H3Hn 

47 <: 


22 6 Pb-10.1 lu 


Fusible alloys e g , Wood's metal, are used in a 
number of ways for such safety devices as safety 
plugs, compressed gas cylinders, automatic fire 
sprinkler systems and lire door releases. Some of 
the bismuth alloys have other unusual properties 
such as low' liquid to solid shrinkage* and expan- 
sion in the solid state These properties have led 
to their use for gripping tools, punches and paits 
to be machined. Bismuth may be melted and cast 
in the same manner as lead, but its low ductility 
docs not permit working at ordinary tempera 
tures. At higher temperatures (above 223 n C 1 ) it 
becomes more plastie, permitting a limited amount 
of shaping 

Two sets of compounds will form m which bis- 
muth is trivalent and qumqucvalcnt The tii 
valent compounds are the more common Bismuth 
does not readih form oxides at oidujai> tempera 
tures. The metallic luster is retained tor a long 
period of time. BiA>i is the best defined of the ox 
"ides, the existence of others being questioned. The 
compounds of bismuth with the halogens are of the 
form BiXi . They may be readily formed by dis- 
solving the bismuth in nitric acid and adding a 
soluble halogen salt. The salts of trivalent bis- 
muth hydrolyzed in water to insoluble basic salts 
precipitating the oxysalt. The best solvent for 
bismuth is nitric acid. From the concentrated 
solution the bismuth nitrate pcntah\dratc is 
formed. Concentration of this solution by evapo- 
ration will form the nitrate. The subnitrate is 
prepared by the hydrolysis of bismuth nitrate be- 
tween temperatures of 30' to 70 'O Bismuth sub- 
carbonate is prepared from the bismulh subnitrate 
by adding sodium carbonate. Both bismuth sub- 
carbonate and bismuth subnitrate* are used for 
medicinal purposes 

IlKilltKitT K. Howe 


BITUMENS, see ASPHALT 
BLEACHING 

A method of whitening fabric by treatment with 
selective chemicals such as hydrogen peroxide, 
chlorine, or oxygen. Haw cotton as it comes from 
the cotton gin consists mainly of cellulose. In ad- 
dition to the cellulose are hydroscopic moisture 
and natural impurities. Experimental w'ork re- 
garding the natural impurities show r tlio presence 
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of at least five different, compounds which may 
be classified as follows. 

(1) Cotton wax : a wax-like substance, insoluble 
in water and quite inactive chemically. A thin 
coating of the substance probably produces the 
well known water-repellent effect characteristic of 
raw cotton. (2) Fatty matter: a fatty substance that 
appears to be margaric acid or a mixture of pal- 
mitic and stearic acids. This portion is readilj' 
removed by the action of alkalies. Cl) Coloring 
matter: nitrogenous matter possessing a brown 
color which is present in small quantities, giving 
raw' cotton a light brown or creamy color. This 
coloring matter is removed by oxidation. (4) Pectir 
acid and its derivatives: Pee tic acid is usually pres- 
ent as calcium or magnesium pectates. (5) Albumi- 
nous matter: The poetic acid compounds and the 
albuminous matter are removed by alkalies. 

The presence of these impurities does not inter- 
fere with the manufacturing processes, and since 
it i* general practice to manufacture cloth or knit 
goods from raw cotton, these compounds appear 
in the woven or knit fabric. In the manufacturing 
process various compounds (size, oil and dirt, etc ) 
are added to tic* either by accident or 

design. Size consists of starch or gum plus fatty 
matter or hydroscopic agents. In bleaching cotton 
piece goods these impurities, both natural and 
added, must be removed so that the goods may be 
sold white; thus they may be d\ed light, bright 
colors or may be printed. 

There are two common methods in use for 
bleaching cotton piece goods- (1 ) the hypochlorite 
or chlorine bleach and rj) the peroxide bleach. 
For many years the* hypochlorite bleach was used 
almost exclusively, but during the past thirty 
years it has been replaced b\ the peroxide bleach. 
Today it is estimated that this is used on over 
S5% of t be cot ton clot h t hat is bleached. The hypo- 
chlorite bleach is a long process consisting of 
alkaline boils, acid treatments and treatment with 
sodium hypochlorite to remove the impurities in 
the col ton. 

If a clear thread finish is desired the goods are 
then singed. Singeing consists in passing tin* goods 
over red hot metal plates or rolls or passing the 
goods through a gas flume. The object of this step 
is to remove the fuzz from the surface of the fabric. 

After the singeing operation the goods are de- 
sizud. The object of this process is to remove the 
starch used in the warp size from the cloth. De- 
sizing is carried out by the use of enzymes that 
will solubilize starch. 

The desized material is then packed evenly into 
a kier. A kier is a wrought iron cylindc r closed at 
the top and bottom and provided with a pump or 
other device for circulating the solution through 
the cloth. The kier operates at 12-15 psi. In this 
step the cloth is boiled in a solution of 2*2 to 3% 
sodium hydroxide (on weight <>t material) plus a 
small quantity of a sequestering agent and a 
wetting agent . This boil lasts eight to twelve 
hours and in some cases it may be. repeated using 
a fresh solution. The cotton wax, fatty matter, 
albuminous matter and pectie acid derivaties 
are removed in this step. This is an important step 


in the bleaching process, since complete removal 
of these impurities is necessary to obtain a good 
bleach. 

The clot h next passes through a l 1 a®-2° Twitchell 
solution of sodium hypochlorite then through 
squeeze rolls and into a .l-box where it is stored for 
1 to 1*2 hours. A J box is a chute made in the form 
of a letter J. In this bleach it is made of wood and 
is of open slat construction so that the air can 
come into contact with the cloth saturated with 
sodium hypochlorite. In this *tep the sodium 
hypochlorite breaks down, giving chlorine and 
oxygen. The chlorine reacts with water, giving 
oxygen. The oxygen given off acts as a bleaching 
agent. This breaks down if the sodium hypo- 
chlorite in this step is very slow . The cloth leaving 
the J box after storage is run through a washer. 
The object of this wash is to remove the excess 
sodium hypochlorite. 

The acid treatment that follows consists of 
passing the material through a }£% sulfuric acid 
solution, through squeeze rolls and into a J-box 
similar to the one used in the sodium hypochlorite 
treatment. In this step we get the greatest bleach- 
ing action. The sodium hypochlorite remaining in 
the cloth is broken down by the sulfuric acid, 
giving chlorine and oxygen. The chlorine reacts 
w'ith waiter to give oxygen and the oxygen bleaches 
the cloth. 

The wash after this step is to remove the chemi- 
cals left in the cloth. It is difficult to remove the 
last traces of chlorine by washing, so the chlorine 
is neutralized by passing through a solution of 
sulfurous arid. The chlorine reacts with the sul- 
fu rous acid to form sulfuric and hydrochloric 
acids, wrhich are readily removed by washing in 
water. 

Wool is seldom bleached since it is not possible 
to obtain a pure white as in the case of cotton If 
necessary it may be bleached by (1) the reduction 
bleach or (2) 4 he oxidation bleach. The oxidation 
bleach is permanent, blit wool bleach by the re- 
duction bleach returns to its original color upon 
exposure to the air. The reduction bleach is carried 
out by treating the wool in a solution of sulfurous 
acid (obtained from sulfuric acid and sodium bi- 
sulfite) or by exposing wet wool to the action of 
sulfur dioxide 

The peroxide bleach consists of treating the 
wool 12-15 hours in a one to two volume hydrogen 
peroxide solution that has been brought to pH 7.2- 

1 with sodium silicate at a temperature of 120°F. 
This treatment is followed by a wash anti a bath 
of dilute acetic acid to neutralize any alkali. 

Other cellulose fibers, both natural and manu- 
factured, are bleached by methods similar to cot. 
ton, w’hile the protein fibers are bleached like 
wool. Of course the process used must he modified 
to suit the fiber being processed and the impurities 
present in it. That is, natural impurities are not 
present in manufactured fibers. Synthetic fibers 
art' bleached with hydrogen peroxide similar to 
wool or with sodium chlorite. 

Oiiari.ks L. Howartii 
Cross -references: Textile Chemistry , Chlorine , 
Per oxides 
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Chemical Composition. Blood is a circulating 
fluid tissue of solid particles dispersed in colloidal 
plasmu. It is opaque from the enormous number of 
cells in suspension, rod from the erythrocytes 
which carry the hemoglobin, viscid from the high 
protein content. When blood is centrifuged or 
clotting prevented, the solid particles separate 
from the lighter fluid plasma. Its yellowish colora- 
tion is due to traces of carotene and xanthophyll 
derived from the diet, and to bilirubin from de- 
graded hemoglobin. Blood plasma serves as the 
main transport, medium of nutrients from the ali- 
mentary tract to the tissues, of metabolites from 
one tissue to another, of hormones from their or 
gans of origin to target tissues, and of end prod- 
ucts from the sites of their production to exrrc 
tory organs. 

Most molecules carried from one part of the 
body to another travel on a protein. Lipides arc 
bound as cr- and /9-lipopiotcins. Polysaccharides, 
hormones, metals, drugs, dyes are all protein - 
bound. The chemical composition of blond plasma 
in equilibrium with interstitial fluid as representa- 
tive of extracellular fluids. The concentration of a 
given component reflects the state of metabolism, 
i.e., normal or abnormal formation, utilization or 
excretion of that substance. Deviations from 
normal levels are due to some imbalance between 
the rate of entrance into or removal from tin* 
blood stream. These variations in plasma com- 
pounds an* determined by in ie mine t hods to eluci- 
date the diagnosis, prognosis and treatment in 
every branch of medicine. 

Table 1. Physical Properties ok Human Blood 

Blood volume = 7 8% of the entire body weight 
70-80 ml per kgm o 5 liters of blood in 70- kg 
adult (calculated from the total volume of 
plasma or cells and the plnsnut/cell ratio deter- 
mined by the hematocrit). 

Blood volume = 72 ml/kg 2.0 liters/sq. meter 
Plasma volume = 40ml/kgin 1.51iters/sq. meter 
Heart ion of blood and plasma = pH 7.115 7.45; cell 
contents pH 7.1 

Specific gravity of blood = 1.056 ami of plasma 
1.026 

Water content of blood = 83%, of plasma 94% el of 
corpuscles 65% 

Plasma osmolar concentration * 520 M Os M/liter 
Osmotic pressure of blood = 7.0 atmospheres 
Plasma colloid osmotic pressure = 24 mgm Ilg s* 
0.03 atms. 

Hematocrit = 45% cells 
Specific gravity of 

plasma = 1.0253-1.0287 
serum - 1.0245-1.0275 
corpuscles « 1.0880-1.0889 
Refractive index of serum 17.5°C = 1.3490-1.3507 
Viscosity of plasma = 0.5-0.6 
(Water serum — 1. 7-2.0 

= 1) blood = 3 .6-5 .4 

Freezing point depression of serum ■■ 0.550 


Sedimentation rate 

of red cells = 0.5 mm/hr. newborn 

3.3 mm/hr. male 

7.4 mm/hr. female 

44.9 mm/hr. pregnant female 

Regulatory Mechanism*. The external en- 
vironment is heterogenous but the internal en- 
vironment homogenous and remarkably constant 
by the intervention of many regulatory and com- 
pensatory mechanisms, especially acid-base 
balance, osmotic pressure, concent rat ion of 
solutes and ions, nitrogen equilibrium, body 
temperature, metabolism, etc. The maintenance 
of life depends upon these physicochemical proc- 
esses, controlled by balanced equilibria of the 
many homeostatic mechanisms. But the constancy 
of the internal environment is not absolute if 
stresses imposed upon the system become too 
great. Homeostasis fails, with disastrous results 
to the organism; thus a deviation of II 1 ion con- 
centration from the normal pH 7.1 to 7.0 or 7.8, a 
change of calcium from 10 mgm to 5 or 15 mgm/ LOO 
ml, an alteration of blood sugar from 100 to 30 or 
1 ,000 mgm/100 ml may cause loss of consciousness 
or even death 

Plasma proteins regulate the distribution of 
water between the two compartments of the extra 
cellular fluid, aqueous exchanges across capillaiy 
walls and filtration processes through icnal 
glomeruli. The fluid compaitmcnN of the body 
comprise 75% of the body weight of infants and 
60% in adults. In the former, this is divided be 
tween 5% blood plasma, 25% interstitial fluid and 
43% intracellular fluid in terms of total weight, 
-while in the adult tin* proportions are 5, 15 and 
45% respec lively. The body’s abilit \ to maintain 
constant temperature is largely due to the* high 
specific heat of water. Heat produced in the course 
of metabolic reactions in the cells is distributed 
throughout the body fluids bv the blood stream to 
equalize the temperature in various tissues. Blood 
circulation at the body surface in the skin and 
lung alveoli permits loss of excessive heat by radi- 
ation and evaporation. Formed elements in the 
blood bear the body’s defenses against invading 
injurious agents. Kven blood coagulation is a pro 
tective mechanism against undue loss of blood 
following trauma. 

Duffer Systems. The pH of body is kept within 
proper limits by the buffer action of the blood, 
maintained by the lungs, which remove CO, and 
the kidneys which excrete the Cat inns II 1 and 
NIL' and the anions OH and ItPOi" . The chief 
blood buffers are the proteins of the erythrocytes 
and plasma, whose isoelectric points are all acid, 
i.e., hemoglobin pH 6.8, albumin 5.5, globulin 
4.4. At the pH of blood these proteins have their 
terminal amino acid groups free, capable of 
accepting H f as anions. The emergency carbonate 
buffer sy-tem IIC() 4 + II" 1 HaCO* and the phosj 
phnte buffer system 1IP() 4 4- II* ^ II2PO4” 

protect aga : nst marked or prolonged acid -base 
disorders. The plasma alkaline reserve 55-75 ml 
CO* per 100 ml represents the available buffer 
capucity to protect the body against acidosis, 
i.e., fall in pH below 7.3. Circulating blood pro- 
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tecta tissues from disadvantageous changes in tho 
pH on Ihc alkaline side by the protein buffers and 
on the acid side by the bicarbonate and phosphate 
buffers. 

Hemoglobin buffers produce their maximum 
effect at pH 7.7, close to the normal pll of blood. 
Hut plasma proteins bind base so firmly as to con- 
tribute less than one-tent ki of the total buffer ac- 
tion of blood. Bicarbonate buffers at pll 7.1 show 
a ratio HH('()]:ll«( < Oi of 20 : 1 , at its minimum ef- 
ficiency; and a ratio of H 1 K'(L: 1 I .TO, equals one 
at pH 6.1 at its maximum efficiency. Consequently, 
any shift of the blood in the acid direction pro- 
gressively increases the bicarbonate, buffer tlfi 
eiency a fortunate circumstance for the hu- 
man body. With the phosphate buffers the 
flame improvement maintains, since the ratio 
B?1J HOj: BH 2 PO 4 equals 1 at pH 6 S. 

The acid-base mechauism has been further clari- 
fied by the Hr 0 nstod -Lowry concept. Tin* ions 
Mn* or K 1 are viewed by the clinician as “basic* * 
and Cl or P() 4 ‘ as “acidic**. Actually Xu and Tv 
ions are not bases and chloride ami phosphate ions 
not acids. The only components involved in acid- 
base balance at ,bUn . 1 pH are the proteins, i.e., 
hemoglobin, oxyhemoglobin and plasma protein, 
bicarbonate ion, carbonic acid, primary and 
secondary phosphate ions. The role pla\ed by Na, 
K and Cl ions in the buffer capacity of blood is 
that of electrical make weights to keep the blood 
at eleetroiieut rality. 

Formed elements. Krjthrocytes or red cells 
dispersed in plasma are not truly living cells, but 
are composed of 65% water, 32% hemoglobin and 
3% protein and lipide stroma. They are circular, 
nonnucleated biconcave discs, maikedly elastic, 
properties ideal for their functions to absorb 
o\.\gcn rapidly in the lungs, to pass through the 
smallest capillaries without damage and to give 
lip Os rapidly to the tissues. Normally, the aveiage 
ml cell count is about 5 million per r.mm. The 
surface area of the red cells is about 3000 sq m. or 
1500 times tho surface area of the body. The life 
span of a normal red cell is about 120 days while 
the usual rate of replacement is about 0 S% per 
day. 

The leucocytes or white cells are living cells 
with nuclei formed for protection of the body from 
disease. They are rich in niiclcoprotcins and 
lipidcs. Lymphocytes contain relatively large 
amounts of 7 -globulin, the antihody being liber- 
ated upon lysis. Granular cells contain glycogen 
and show active glycolytic metabolism. Basophilic 
granules contain alkaline phosphatase, cyto- 
chrome-C and cytochrome oxidase. The 11 -oxy- 
genated adrenocortical hormones accelerate lym- 
phocyte and depress eosinophile production. 

The platelets are oval bodies extruded from 
giant megakaryocytes in red bone marrow. They 
contain proteins and phospholipides, especially 
eephalin. Upon lysis they liberate several sub- 
stances essential for blood clotting -thrombo- 
plastin; serotonin, a vasoconstrictor; factor I 
an accelerator for the transformation of pro- 
thrombin to thrombin; and factor II an accelerator 
for the convention of fibrinogen to fibrin by 
thrombin. Platelets not only coagulate but re- 


tract shed blood and repair damaged blood ves- 
sels. Normally, the platelet count is 250,000- 
5(X),0(X) per c. nun., with a survival time of about 
3 to 5 days, a volume of 5 e. microns, diameter 
2 microns and 0.5 volume per cent in the blood. 

Kr>thrnc>te Hemoglobin. The red cell's most 
important component, hemoglobin, remains stable 
without undergoing degradation or resynthesis 
during the life oi the cell Hemoglobin is composed 
of a pigment heme bound to precursor substances. 
The synthesis of heme in the body requires ade- 
quate supplies of porphyrin and of iron. Studies 
with radioactive carbon show that glycine und 
acetic acid are necessary to make up the porphyrin 
nucleus, while acetoacetic acid, pioline, hydroxy - 
proline and tryptophan are additional building 
units required. Iron is absorbed in the body in 
ferrous form from available iron-containing foods 
or deiived from the breakdown of effete red cells 
in the spleen. The synthesis of glohin in the body 
requires ten vt cntial amino acids obtained from 
adequate dietary protein, although amino acids 
are always available from the breakdown of au- 
togenous protein at the body’s expense. As the 
result of the union of the porphyrin derivative and 
the protein, the heme is activated and thereby 
enabled to combine reversibly with molecular 
oxygen to foim oxyhemoglobin, without change in 
iron valence The hemoglobin moleeule, contains 
four heme molecules bound to one glohin molecule, 
11 > ruling n molecular weight of 6 N,(XX). The por- 
phvrin is bound to the protein via the carboxyl 
giotip of the propionic acid substituents. The fer- 
rous iron is bound in coordinate linkage to the 
four nitrogen atoms of the porph>rin. The fifth 
link is bound to the imidazole nitrogen of the 
histidine of gln’niu. The sixth link binds oxygen 
leversibly. 

Oxygen curiiei mini the lungs by hemoglobin is 
passed on in tissue cells to cytochrome oxidase, a 
home en/Ninc which activates oxygen to accept 
electrons from the c\ tochromes which are in the 
final position oi the oxidative chain. Their iron 
atoms are reduced from the ferric to the ferrous 
state I » x accepting electrons from the substrates 
of the dehydrogenating systems. They are then 
oxidized b\ molecular oxygen to which they in 
turn transfer electrons. By repeated alternate 
oxidation and reduction, small amounts of these 
cytochromes participate in the oxidation of enor- 
mous quantities of material in the cell. Heme com- 
< minds are thus concerned with transport and 
storage of oxygen, with making oxygen available 
to the cell, and with the oxidation of cellular con- 
stituents, all basic energy -yielding reactions of 
living matter. 

Several types of hemoglobin A, 0, D, F, S and 
others are recognized by electrophoresis und chem- 
ical behavior. Fetal (K) hemoglobin is a biologic 
provision for survival under the low oxygen ten- 
sion of fetal life. It absorbs 0 2 at low concentra- 
tions more effectively and releases CO* more 
readily than adult (A) hemoglobin. At birth, when 
pulmonary respiration replaces the placenta, A 
displaces F hemoglobin completely by the sixth 
month of life. Hemoglobin S is inherited by 8 % of 
negroes as sickle cell anemia developed after the 
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sixth month when S supplants F. Hemoglobin C 
is also inherited, producing sickling target cells, 
hemolytic anemia, arthralgia and splenomegaly. 
Hemoglobin I) is a third variety of hereditary 
sickle cell anemia. 

Plasma Proteins. The total plasma protein 
concentration ranges from 6.0 to S.O gms.%, 
predominating in two principal groups- serum al- 
bumins and serum globulins. Of the albumins, repre- 
senting about ?3 of the total protein, only mer- 
capt albumin has been isolated. Of the globulins, 
formerly divided into alpha, beta and gamma 
fraetions, each of these fractions have fractions of 
their own. Fibrinogen remains a single component 
Thus far, electrophoretic determinations have 
isolated 40 proteins representing about 1)0% of 
the total plasma protein. The last elusive 10% 
represents twice that number present in such small 
quantities as to make separation difficult. 

The liver normally produces albumins, fibrino 
gen, prothrombin and about 80% of the globulins. 
The spleen, lymphoid elements ami other sites of 
the reticuloendothelial system produce beta ami 
gamma globulins. Isotopic techniques with tagged 
amino acids reveal that an individual normally 
synthesizes and degrades 15-20 gms. plasma pro- 
tein daily. The life span varies with the protein, 
from 12 to 30 da>s, although the computation is 
complicated by Ihc interchangeability of proteins 
fro, n plasma, lymph and tissues. The source of all 
bo-iy protein is the adequacy of the daily diet. 
When inadequate, the individual goes into nega- 
tive nitrogen balance. Tissues and organs are first 
to suffer and plasma protein the last . When plasma 
proteins are depleted by starvation, hemorrhage 
or renal disease, the chief ions Mu** and Cl per- 
meate the capillary walls, accumulate in the tis- 
sues and produce local edema. The fall in blood 
volume cannot be replaced by isotonic saline but 
by a suitable colloid, particularly plasma, to in- 
crease the cfloctive colloid osmotic pressure. 

Plasmu Nonproloin, Nitrogenous Compo- 
nents. Most of the heterogenous nitiogcnous 
compounds are either metabolic intermediates 
transported to tissues from the site of absorption 
or proceeding from the tissues as end-products for 
excretion. None are precipitated by protein- 
precipitating agents. Of the total nonpruteiu 
nitrogen 50% is represented by urea, 25% by free 
amino acids and the remaining 25% by a large 
number of metabolic compounds of varied origin. 
Urea is the chief nitrogenous end product of pro- 
tein metabolism, representing the amino groups in 
excess of the requirements for synthesis of nitrog- 
enous compounds. Urea is formed in the liver from 
amino acids, released into the blood st real# and 
excreted in the urine. It diffuses readily through 
all cell membranes and capillary walls, and there- 
fore occurs in all fluid compartments, cerebro- 
spinal fluid, gastrointestinal secretions and per- 
spiration. Free amino acids comprise a metabolic 
pool for the dynamic equilibria between plasma, 
tissues and hemoglobin embodying amino acids 
from ceaseless deamination and reamination. The 
plasma concentration of free amino acids is thus 
the resultant of these catabolic and anabolic 
processes. 


Uric acid is the primary end-product of purine 
metabolism, but the plasma level is only slightly 
affected by purine-ricli foods. It is formed in the 
liver, released in the blood stream, and excreted 
in the urine, but is the first nitrogenous con- 
stituent to be retained in nephritis, ('rent in is the 
anhydride of creatinine, the metabolic end- 
product formed in muscle, transmitted into the 
circulation and excreted in the urine. Ammonia 
nitrogen is maintained in insignificant amounts 
for the toxic NH/ is rapidly converted into urea 
in the liver. 

Plustnu C'.arhoh^drute. Dextrose is the cireu 
lating unit of energy currency in blood. It is the 
chief reducing substance although the material 
determined by the usual reduction methods in- 
cludes other circulating reducing substances 15 30 
ingm %. The nondextrose reducing substances in 
blood are glutathione and ergot hionei no, more 
abundant in cells than in serum. The range of 
normal blood sugar values in infants is from 00 
to 100 ingm %, while in adults it is 70 to 120 
mgm.%. 

Pentose occurs as neudosides and neucleotides. 
Polysaccharides and glucosamine's include a vaii 
ety of substances composed of galactose, man 
nose, glucosamine and mueoprotein Pyruvic and 
lactic acids increase dining strenuous exorcise, 
thiamine deficiency and congestive heart failure. 
Lactic acid originating from muscle glycogen dur- 
ing the* contraction process is transported to the 
liver for reconversion into glycogen or dextrose 

Table 2. Carboiitdk vth Components of Blood 
Plasma 


('<ttlx>h}fliiite 

mp 100 ml 

Dextrose 

to no 

Fructose 

5 0 

Lactose 

0 2 

Polysaccharides 

1)0 140 

Glucosamine 

50- DO 

Lactic acid 

5 20 

Pvruvie acid 

0.4 2 

Citric acid 

1.5 3 


Plasma Lipldes and Kcluled Compounds. 
The lipide content of plasma varies widely in 
health, even in the post absorptive state. It in- 
cludes neutral fats and fatly acids, phospholip- 
idcs, cholesterol and its esters, cerebrosides and 
sterols. Some lipidcs are structural, forming an 
integral part of the cell's architecture, while others 
are functional, undergoing complete oxidation re- 
actions in metabolic processes or stored as neutral 
fat. An increase in blood fat due to chylomicrons 
occurs shortly after a high fat meal, returning to 
the fasting level in 3 to 0 hours. If the lipide con- 
centration is high, plasma beoomes opalescent. 
Blood lipides rise (luring normal pregnancy after 
the third month, during starvation owing to the 
mobilization of stored fat and fall subsequently 
in severe malnutrition. The level of cholesterol 
tends to rise, advancing age accompanying the 
development of atherosclerosis. 

Ketone bodies, especially acetoacetic acid, beta- 
hydroxybutric and acetone occur normally at very 
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low levels, but inc roust* rapidly during dietary ro- 
Htriction or inadequate utilization of carbohy- 
drate. 

Table 3. Li tides, Ketones and 1$ile in Plasma 


Com | Minna* 

mjr /I (Mi ml 

Total lipidc 

3X5 075 

Neutral fat 

0 200 

Phospholipids 

lit) 250 

Lecithin 

NO 200 

(Vphalin 

0 30 

Sphingomyelin 

10 50 

Cholesterol 

UO 200 

Ester 

00 200 

Free 

40 70 

Fatty acids 

1 10 4X5 

Ketone bodies 

0.2 0.0 

Bile acids 

0.2 3.0 


Plu shim A n ion -Cal ion Balance. Binod con- 
tains a variety of anions and rations of different 
concentration**, but the total number of ionic 
posit ive charges is balanced by an cqui valent 
number of nog«t!V° charges. Total base embodies 
the inorganic cations ol .scrum, excepting Nil/ 
i.e., sodium, potassium, calcium and magnesium 
Potassium ions predominate in the cells and so- 
dium in the plasma, and extracellular fluid. Cal 
ciuni is present in serum as calcium ions and 
calcium protciriate and completely absent in the 
cells. Tlu* calcium ion concentration of serum is 
about 5 mgm.% and the* rest is hound to albumin 
and globulin. Magnesium is distributed between 
serum and eells. 

The total anion content of plasma includes hi 
carbonate, chloride, phosphate and sulfate. The 
total ('<>• in blood represents that present in hi 
earbouate and that eontamed in carbonic acid. 
Chlorides in whole blood arc* more variable than 
those of serum and corpuscles due to the ever 
changing proportion of cells to plasma. Normally, 
the* ratio of Cl in cells to Cl in serum N about 
0.55. Total phosphate consists of phospholipidcs, 
inorganic phosphate* and organic phosphate esters, 
the* latter found chielly in the* red e*«*lls. inorganic 
sulfates are* evenly distributed l>etwe*e*n cells and 
serum. 

Trace elements include iron, iodine, copper, lead 
and a variety of metallic compounds. Iron is con- 
tained completely in the* erythrocytes. Small 
amounts of iron in plasma depend on the* amount 
absorbed from the intestinal tract, from hemo- 
globin destruction and from transport iron en 
route to and from tissue's. 0-globuliti binds iron 
in the plasma. Copper is equally distributed be- 
tween cells and plasma. Iodine is present as hor- 
mone iodine', i.e'., thyroxine 1 and diiodotyrosine* 
and as inorganic iodide. Blood iodine 1 is an index 
of thyroid function and of iodine metabolism, yet 
maintains a more constant level than thyroid 
iodine. Lead is normally present in very small 
amounts but values above 0.00S mgm.% must be 
considered abnormal. Metallic plasma com- 
ponents such as manganese, copper, tin anel 
silver probably serve as cocnzymcs in metabo- 
lism. 


Table 4. Inorganic Components 
in Blood Plasma 


Component 

niK./KM) ml. 

m. Kc|. /liter 

Sodium 

300-350 

132 152 

Potassium 

1 1-21 

3.6 5.3 

Calcium 

X.5-11 

4. 2-5. 7 

Magnesium 

1.7 2 

1.4 2.1 

Bicarbonate 

55-72 

24-31 

Chloride 

340 3X0 

07-108 

Phosphate 

3 4 

2.2 4.2 

Sulfate 

1 2 

0.7-1. 5 

Iron 

0.03 0.1X 


Iodine 

0.004 0.00S 


Copper 

0.0X 0.16 


Lead 

o.oox 0.00 



PIumoiu Knz>me S\ stems. Blood contains a 
variety of enzymes which function cyclically in 
specific metabolic processes. The trace 1 proteins 
act in conjunction with accessory substances such 
as cocnz.wu minerals and hormones. The cata- 
lytic nature of their action is identical with an 
elementary life. Oxidation of stable enzymes in 
plasma protein fractionation is simple*, but of 
un-table enzyme proteins most difficult, (Icnes 
determine' the* presence of enzymes and hormemes 
regulate their reactions. 

Table 5. Stable Knzymek in Blooii Plasma 

Enzyme Activity pi*i 100 ml PU>.ma 

Amylase NO ISO units 

Cholinesterase 130-305 gl ClL/hr 

Lipase 0 2 ml. 0.1 N Na()H 

Phosphatase, acid 11.0 units in infants 

Phosphatase, alkaline 0.5 1.5 units 

2.0 4.5 units in adults 

Plasma \ Kaolins. Experimental studies reveal 
tin* role of blood in the transport of vitamins te> 
anel from the tissue's. Normal eoueentrat iems have 
thus been established for blood plasma preprandi- 
ally on adequate die*tarie's. 

Table 0. Vitamin Content of Blood Plasma 


Yit.imins 

/if'/lOl) ml 

Vitamin A 

44) 400 

Vitamin 1) 

1.5-4. 5 

Y’tainiii K 

000 1000 

Ascorbic acid 

4(H)- 1700 

Thiamine 

5-10 

Niacin 

20 150 

Bihofluvin 

2-1 

Pantothenic acid 

10 35 

Pyridoxinc; 

1-18 

Biotin 

1-2 

Folic acid 

1.5 5 

Vitamin Hi* 

0.01-0.1 


Blood ('.lolling. The cemgulatinn of blood is the 
end result of a chain of chemical reactions in 
plasma involving the conversion of soluble fibrino- 
gen into insoluble fibrin by means of an enzyme 
thrombin. Fihrinogem is a soluble fibrous globulin 
synthesized in the liver as long thread-like mole- 
cules 1)00 X 33 A. molecular weight 450,000, vis- 
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cosity high, and isoelectric point pH 5.5. Fibrin is 
an insoluble tough plastic protein of molecular 
weight 50,000 formed as a network of tine threads 
from the soft hydrogel by synercsis to 10% of the 
original volume of blood. Thrombin is a soluble 
albumin enzyme with molecular weight 75,000 
which coagulates over 600 times its weight of 
fibrinogen. Within shed blood chemical reactions 
of anticlotting compounds occur in the opposing 
direction, inhibiting the formation of fibrin. The 
end result of these interactions depends on the 
concentration of the components and the condi - 
tions of the reactions. Clott ing w ill take place only 
when the rate of production of clotting compounds 
exceeds the rate of their neutralization by oppos- 
ing inhibitors. 

The first step in the clotting mechanism is the 
activation of thromboplastin, a protein present in 
the blood as the inactive t hromboplast i nogen. 
When a wound occurs, large amounts of active 
tissue thromboplastin are liberated into shed 
blood. The blood platelets in contact with the 
wound disintegrate and liberate the lipide, which 
transforms inactive plasma thromboplasti nogen 
into active thromboplastin. The second step in 
clotting involves the formation of thrombin, — a 
protein that acts as a powerful enzyme. Normally, 
intravascular clotting does not occur because in 
the circulating blood only the inactive precursors 
of thrombin are present i.e., pro thrombi nogen and 
protl rombin. They are formed in the liver from 
vitamin K as glycoproteins with plasma concen- 
trations at about ‘JO mg. per 100 ml. However, 
when blood is shed, the prothrombin complex 
combines with thromboplastin to form thrombin 
in the presence of calcium ions as an aut oral aly tic 
reaction in which I he substance formed accelerates 
the process. Side reactions include n trace of 
thrombin formed that disintegrates platelets and 
thus liberates the lipide further to increase throm- 
boplastin; and that thrombin also converts plasma 
globulin into scrum-globulin accelerators which 
increase the formation of thrombin. 

In the third stage of dotting, fibrin coagulates 
as an insoluble protein formed from soluble plasma 
iibrinogen by the action of the thrombin. Fibrino- 
gen is precipitated into profihriu and finally into 
fibrin. It first appears as needles and then as 
threads. These entangle the red blood cells, and 
contract to form a dot , which is at first soft and 
friable and then becomes tough, dear yellow 
eerum, rich in thrombin, is then squeezed out. 
The fibrin serves the dotting mechanism by en- 
meshing the platelets, w r hich liberate a vasoeon- 
stricting principle, by absorbing thrombin to halt 
the chain reaction and by plugging the wound 
within and without the vessel wall. 

The clotting compounds may be neutralized by 
inhibiting agents that are normally present in 
blood. Anticephalin may neutralize some of the 
thromboplastin liberated when truuma or platelet 
destruction occurs. Heparin is a polysaccharide of 
molecular weight 17,000 present in traces in nor- 
mal blood. It is not a physiologic anticoagulant. 
But in anaphylactic shock, heparin with an albu- 
min cofactor combines w ith prothrombin to halt 


ihc latter's transformation into thrombin. This 
action prevents platelet agglutination and disin- 
tegration. The body does not release heparin into 
the blood to halt thrombosis. But plasma does 
contain a natural antithrombin albumin X, which 
converts thrombin into inactive inethathrombin. 
Finally, the plasma in certain types of bleeding 
develops anticoagulants of unknown nature. Cir- 
culating anticoagulants may thus cause rare but 
specific hemorrhagic diseases. 

I. XFWTON KrOKI.MASS 
Cross-references: V ollnnl V hemistry , Acids , 
liases, p//, Hujjfets, Proteins, Lipides , Eh Factor, 
Plasma Volume Ex pan tit rs 


BOLTZMANN, LUDWIG (1844-1905) 

Ludwig Boltzman was born in Vienna in 1811. 
He studied in Vienna, Heidelberg and Berlin. 
In 1806 he presented before the Austrian Academy 
of Sciences a paper on the second law of thermo 
dynamics, and this subject occupied much of his 
life. He was appointed in 1861) professor of the 
orctieal physics at (Jraz, but during the next 
decades lie held positions at maiiv universities 
including Munich, Leipzig and Vienna Boltz- 
mann's emit rilmt ions were mainly concerned with 
the development of the Kinetic Theor\ of Cases 
and electromagnetic phenomena (Boltzmann's 
Law ) Between 1801 1803 he published, “Vorlesun- 
gen uber Maxwell's Theorie der Klcktizilnt and 
<Ies Lichtes, 2 vols.”. The “YorltHMingcn fiber 
kinetisehe Castheorie, 2 voK, INWi IS!)8” remains 
a classic, ami stimulated much further research. 
Between 1880 and 1882 he published a series of 
papers on the viscosity ami diffusion of gases. He 
also extended the theory of probability and 
pioneered its application to the theory of gases, 
llis contributions to mechanics were published 
between 1807 and 1001. At a later age Boltzmann 
became more interested in philosophical c|ues- 
tions, which led, one year before his death, to the 
publication of his 1 Fopulare Schriftcn". 

Bkhnxkd Jxffk 


BOND, CHEMICAL 

The term “bond” or, more completely, the 
phrase “chemical bond” describes the existence of 
a force of union between two atoms, or two groups 
of atoms that results in sufficient stability of the 
resultant aggregate to muko it convenient for the 
chemist to consider the aggregate aj an independ- 
ent molecular species. From the chemical point of 
view, bonds are best described in terms of three 
extreme types: ionic bonds, covalent bonds, and 
metallic bonds. The forces that eause the bonding 
between atoms arise from the interactions between 
charged particles electrons (— ) and nuclei (+), 
and the throe extreme types representing limiting 
cases of the nature of the average distribution of 
electronic (negative) charge with respect to the 
relatively stationary (positive) nuclei. 
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The empirical description of a chemical bond 
may be made either chemically or physically. The 
chemical description embraces the reactions em- 
ployed in the formation of the bond, the kinds 
of reactivity that the bond may or may not show, 
and the physical properties (solubility, melting 
point, volatility, electrical conductivity, etc.) of 
the compound that reflect the nature of the bonds 
that hold its atoms together. The physical de- 
scription includes quantitative measures of the 
strength of the union and the symmetry or lack 
thereof of the electric charge* distribution. Va- 
lence theory can be said to have as one of its 
ultimate goals the complete rationalization of the 
properties of bonds in terms of the quantum me- 
chanicnl theory of matter. 

The most commonly employed description of 
bonds and the binding of atoms is based on the 
picture due largely to Lewis and elaborated by 
Sidgwiek, and Pauling, of the basic element of the 
bonding of atoms arising from the sharing of one 
or more pairs of elections by the bonded atoms. 
If the bonding electron pair is largely held by one 
or the other of the atoms, the bond is ionic. If 
the electron pair i* e"rc or less equally sliaicd by 
the bonded atoms, the bond is rorulrnt. If in addi- 
tion to being held more or less equally by tin* 
bonded atoms there is long range, easy mobility 
of the bonding (valence) electrons, the bond is 
nutolhc. All chemical substances can be ordered 
in a linear array in aecoi dance with the nature of 
their bonds* at one extreme there are the sub 
stances with purely ionic bonds, e g., the alkali 
metal halides. There exists an almost continuous 
series of substances in which the ionirity of the 
bonds decreases (aluminum chloride, cadmium 
chloride, etc.) until in the center of the lineal 
array there is the prototype of substances with 
eovalenl bonds, diamond. The semiconductors 
form a class of substances with bonds that are 
intermediate between covalent and the other end 
of the array, the metals. It is to be noted that no 
sequence of substances can be listed that gives a 
direct transition from ionic binding to metallic 
binding. The description of bonds that arc pre- 
dominantly covalent, usually includes two qualifi 
cations: (1 ), the bond order, that gives in multiples 
of two the number of electrons involved in the 
binding, and (2), the ionic character that indicates 
the dissymmetry of the electric charge distrilm 
tion. 

The strength of the unions of atoms, the bonds, 
may be quantitatively measured by bond ener- 
gies, bond dissociation energies, bond force con 
stints, and bond distances. Pond energies in other 
than diatomic molecules arc hypothetical quan- 
tities defined by the postulate that the energy of 
atomization of a substance can be described as 
equal to the sum of the euoigies of the bonds 
broken in the atomization process. Although the 
postulate finds but scant theoretical justification, 
the concept of the bond energy as a constitutive 
molecular property has proved a powerful tool in 
the systematization of thermochemistry, particu- 


larly when supplemented by the quantitative 
measure of ionic character of the bonds, the elec- 
tronegativity differences of the atoms. 

Pond dissociation energies, bond force con- 
stants, and bond distances arc most succinctly de- 
scribed as parameters that characterize particular 
features of the hypersurface that relates the po- 
tential energy of a molecular system to the con- 
figuration of the atoms of which the system is 
comprised These three (plant ities specify re- 
spectively the depth of the surface below nu 
asymptote, the curvature of the surface, and the 
iuternuelear distances of the atoms at the polen 
fial energy minimum that corresponds to the 
equilibrium configuration of the atoms in the 
molecule. These three quantities are at least 
qualitatively interrelated. “Largo” bond dissoci- 
ation energies are invariably accompanied by 
“large” bond force constants and “short” bond 
distances, and conversely. Scmicmpiricnl relations 
of various ranges of validity and applicability 
between the tinee measures of bond strengths have 
been proposed. Like bond energies, bond distances 
constitute an approximately constitutive molccu* 
lnr property. 

Pond energies and bond dissociation energies 
are determined from thermochemical data (energy 
of formation), reaction kinetic data (energy of 
activation), optical and mass spcctromct rie (lata. 
Pond force constants arc computed from the spac- 
rg of vibrational energy levels under certain 
assumptions concerning the form of the potential 
energy as a function of molecular configuration. 
Pond distances are determined from the analysis 
of \ raw electron, and unit roll diffraction patterns 
of molecules, and the spacing of rotational energy 
levels from i ifrarod, Banian and microwave 
peetrn. 

The nature oi the distribution of electric charge 
between bonded atoms is described by the bond 
dipole moment. There is no direct measure of the 
bond dipole moment in polyatomic molecules. 
Mosi of the estimates of the magnitudes of bond 
dipole moments have come from measurements of 
the permanent dipole moments of molecules (from 
the temperature dependence of the dieleetrie 
polarization or the difference between the dielec- 
tric polarization and the molecular refraction) by 
means of <h< assumption that the bond dipole 
moments add vectorieally to give the molecular 
dipole moment. In ricent years measurements of 
ihe Stark effect in microwave absorption spectros 
copy have provided a precise means of determining 
the molecular dipole moment chnract eristic of a 
particular vibrational state of a molecule. This 
is in contrast to the average value obtained from 
dielectric measurements. 

In conclusion it should be noted that the bond 
concept is typically a chemical concept and that a 
valence theory can be developed without recourse 
to this concept, i.c., molecular orbital theory. 

D. P. Stevenson 
CroMM-referenccs: Molecules , Atoms, Energy t 
Valence , Ions , Dissociation , Dipole Moment 
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BORATES 

Thu principal natural borates of commercial im- 
portance today and their sources are: 


Name 

Tincal (Natural 
Borax) 

Kernite (Kaso- 
rit«) 

Colemanite 
Ulnite (Bon>- 
uatniculnte) 


Approx. Comixu.it ion 
Nn-()-2H*Ov10ll«O 

NasO 2 UiOs-1H«0 

2CnO-3Bj(), 5 HjO 
NnjO 2( uO-ftHsOj-inH-O 


Priceite (Pan SCiiO f»IU), ‘UI-0 
d«*rmit4*) 


Deposits 
I T . S., Tilie»t 

U.ti 

IT. B. 

U.S.. Chile. Ar- 
Ki'iitinu. B»i- 
Iivia, Peru 
Turkey (Asia 
Minor) 


Five American firms reported production of boron 
compounds from natural sources in 1053 : American 
Potash & Chemical Corp. recovered boron com- 
pounds from the brine of dearies Lake at Trona, 
Calif., Columbia-Southern Chemical Corp. oh 
tainod bora\ in lnve> Count \ , Calif.; Pacific ('oast 
Borax Co. mined kernite at Death Valley Junc- 
tion; United Slates Borax Co. obtained colemanite 
(hydrous ealeium borate) from a vein deposit near 
Shoshone, Calif.; and West Knd Chemical Co. re 
cove reel boron compounels from the brine of Searles 
Lake. The water-soluble borates have been most 
studied. Thrv are limited to the salts of alkali 
metals. From the systems H 3 () the 

following sails separate at 30°C: 


Metaboratus 

LiB0 2 SH.(> 
NaBO..- 411,0 
KBO, 2.511,0 


Tetrahoratrs 

Li,B 1O7 * -tIIjO 

Xm,B,O 7 !0H,O 

K.B4O7-IH2O 


Pentaboratrs 

LiB rf () H . 511,0 

\aBft()H'5H»0 
KBfiOn* 1H,( ) 


The borates react with strong Aqueous acid to 
precipitate oithoboiie acid. 

2NaB0,+ II.SO, f 2IT4) ► Na.KO, + 2ir,B<), 

The alkali metal borates in general reaet with the 
soluble salts of other metals to precipitate the 
heavy-metal borates. This reaction is partially re- 
sponsible for the softening action of borates in 
hard water. The sodium borates reaet with aque- 
ous ammonium chloride to precipitate ammonium 
pentaboratc: 

5Na 3 B 4 0 7 + ION H, Cl ~> 

JONaCl 4- 4NII 4 B ; 0« + 6NIT, + 3ir a () 

When heated to elevated temperatures, ammo- 
nium pentaboratc, decomposes to ammonia, boric 
oxide, and water. 

2NH 4 B 6 0 4 -> 2N11, + 5B,0 3 + U 2 0 

Colemanite is commonly converted t.o boric acid 
by adding SO, or H 2 B() 4 and floating the boric acid 
from the gangue. 

CaBeOn + 2S0 3 4- 9IIaO 2CaSO a + 6H 8 BO« 

Colemanite is converted to borax by boiling with 
soda ash, Altering from the calcium or magnesium 
carbonate, and allowing the borax to crystallize. 

2Ca*B«Ou 4* 4Na 2 C0 8 + HjO — ► 

4CaC0,i + 3Na 2 B 4 07 4- 2NaOH 


The transition inetals form metaborates, often 
distinctively colored, upon fusion of their salts 
with borax; but the chemistry and structure of 
these* compounds have apparently been little 
studied. 

Scandium, yttrium, and indium borates are the 
only known orthoborates and have structures 
similar to those of CaCOj and XaXOj with planar 
BO« groups. The most unique factor in the struc- 
ture of the borates is the tendency toward forma- 
tion of the horoxin (B.»(),) ring. For example, in 
the alkali-metal metaborates the unions arc* cyclic 
(B( )_-)., J t rimers. However, in ealeium metaborate 
the anions are linear (BO,),, " polymers. Both 
borax and colemanite* have long chain anions con- 
taining horoxin rings. The pentaboratc* anion has 
two horoxin rings sharing a tetrahedral I v coor- 
dinated boron. 

Perborates. Sodium “perborate, M obtained by 
the action of hydrogen peroxide* and sodium hy- 
droxide, or sodium peroxide, on cooled borax solu- 
tion, iormerlv considered to be a perborate 
NaBOi , 1H»(), is probably a borate containing 
hvdrogen peroxide of crystallization, XuHOj , 
3H/() , 11:0" . It doe- not liberate iodine from 
concentrated potassium iodide solution The com- 
pound (“perborax 1 *) is stable* in the drv state* and 
only sparingly soluble* in water. The* solution has 
bleaching ami antiseptic* propc*rt u*s. It is stable at 
room temperature but evolves oxygen when 
heated. The solid lose*s 311-0 at 50 55 ,, (\ and, if it 
i-» then heated in a vacuum at 120 V, it lose*s 
another molecule of water, le*:iving a yellow solid 
formulates! as (XuBOjWL , which evolves eixygen 
in contact with water, but does not lil>c*ra1c* iodine 
from concentrated potassium iodide solution. The* 
crystalline perborate NaBO, , 11*0?, 311,0 is also 
obtnini'd by the electrolysis of a solution of borax 
and sodium carbonate* with a platinum gauze 
anode*. 

Orgunie, Bora lew. The alkyl borates are pre 
pared by rcdluxing the eone*sponding alcohol with 
boric aciel or boric oxiele The water forme*el is re- 
moved by distillation as either the overhead or 
residual product, depending on the redutive* vola 
tilitiexs of the water and the alkyl borate, 

311011 4- Tf .BO j — (HO)aB 4- 3H.O 

The preceding reaction is readily reverse»d with the 
lower alkyl borates. The hydrolysis is slower with 
increasing alkyl chain length. The major present 
uses of alkyl borate*s are as volatile welding fluxes 
and as intermediates in the preparation of boro- 
hydrides. Both American Potash and Chemical 
Corp. and Pacific Coast Beirax Co. arc offering 
several alkyl borates for product development.. 

Analysis. Analysis e>f borateg usually inveilves 
treatment of the* substane*e*s with methanol and 
sulfuric aciei. For qualitative analysis the meth- 
anol is ignited. A green flame indicates the pres- 
ence of boron. For epinntitntivc analysis, the 
mixture is distilled into water, Volatilizatiem of 
the methyl borate removes it fremi interfering 
salts. It hydrolyzes reaelily in the w'atcr to boric 
aciei. This is complexcel with mannitol to form a 
strong monoprotic acid, which is titrated with 
standard base. The soluble borates hydrolyze com- 
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plot oly enough to be titrated directly with stand- 
ard acid for alkali metal content : 

Na>IM>7 + 7H 2 <> -♦ 2Xa + 2011 \ 411 ,B() , 

ITsoh. The enamel industry is the most impor- 
tant consumer of borates. Most enamels contain 
25 to 40% borax. The glass indust r\ is the second 
most important consumer, for use in borosilicate 
heat-resistant glasses. Other major uses are in 
glazing of ehinaware, pottery, brick, and tile, as a 
softener for detergent mixtures, and in the pro 
duction of the abrasive boron carbide 

Huy M ,\ i> \ms 

OrosH -references : Huron, liondnt 


BORIDES 

Several borides were prepared before 1000 and 
by HWi some of the crystal st ructures had been de- 
termiued. Hecentlv, however, because of a grow* 
ing inten»s| in high temperature materials, the 
transition metal borides have been the subject of 
intensive study b\ b. Andrieuv, b Brewer, H. 
KietTer, H. Ku .vdmg, J T. Norton, 1*. Schwarz* 
kopf, their co u others and main others. 

The borides do not conform to the simple 
valenc\ rules which determine the composition of 
many chemical compounds The borides, as well as 
certain other iuteistitial compounds such as the 
carbides and ml i ides of the transitional metals, 
detN intei pretal ion in terms of any rational 
valency nile- Km I her examination shows that 
for many of the borides, the stoichiometric Jaws 
are no longer rigorously valid lienee, the borides 
can be called compounds only m the sense that 
they exist as a solid phase of characteristic struc- 
ture, which generally conforms closely to a simple 
chemical formula, but which mav exist over a 
limited range of chemical composition. In view of 
this, the bolides will logicall> be discussed in 
terms of then crystal structure. Although it is 
not yet possible to state the principles governing 
the boride structures, one feature is outstanding. 
This is the tendency for the boron atoms to be 
linked together to form zigzag chains, 2-diinen- 
sional nets or .‘{-dimensional framewmks extend 
ing t h roughen t t he w hole e r \ st al The boron -boron 
bond plays a prominent part in the boride struc- 
tures and their formulas are generally quite dif- 
ferent from those of the interstitial carbides and 
nitrides. This linking together of the boron atoms 
seems to preculude the applicability of the Ifagg 
rule. Consequently, then* are no discontinuities 
in the properties of the borides when the critical 
i<»tio of the radius of the boron atom exceeds 0.50. 
The Hiigg rule would appear to apply only when 
the metalloid atoms are in isolated positions in the 
lattice as in certain carbides and nitrides. 

Borides may be obtained by sintering mixtures 
of the powdered metal with boron nt temperatures 
of 1,800 to 2,000°C. The material thus obtained 
may be compacted and purified by further sinter- 
ing compressed bars in a vacuum or low pressure 
inert atmosphere at temperatures near the melt- 
ing point. Most of the impurities, being more vola- 
tile than the refractory borides, will be volatilized 


away. Very pure boride samples have been pre- 
pared in this way. 

Borides are also prepared by the thermite process 
in whieh a mixture of the metal oxide and boric 
oxide are reduced by Al, Mg, Si or O. The inter- 
mediate products react to form the boride. The 
bolide crystals must then be separated from the 
by-products. This is difficult and usually results 
in impure products. 

Several borides have been prepared by the elec- 
trolysis of fused .salts. A molten mixture of the 
borate and fluoride of the metal is electrolyzed 
between graphite electrodes. The boride is de- 
posited at the cathode and must be chemically 
separated from the mixture. • 

Borides have also been deposited from the 
vapor phase. A tungsten filament is heated in 
mixed vapors of boron tribromide, hydrogen, and 
a volatile metallic halide. The reaction, proceed 
ing at the surface of the incandescent filament, 
deposits a oat ing of the boride. Large single 
boride crystals have been prepared in this way. 

The borides are most remarkable for their ther- 
mal and chemical stability, hardness, and true 
metallic properties The hardness of the borides 
lies in general between flic diamond (Mohs 10) 
and the topaz (Mohs S). The metallic character 
of the borides is evident from their low electrical 
resistivities and high thermal conductivities. The 
borides also have positive temperature coefficients 
of resistivity, showing that true metallic conduc- 
tion is involved. Superconductivity has been re- 
ported for some of the borides. In several cases, 
however, these results have not been substantiated 
when very pure samples w T crc examined. The 
borides are very refractory, with melting points in 
most eases h * w ecu 2,000 and 3,000 U C. The thermal 
stability of the diborides of the metals of (iroup 
IVa are except, mally high. The borides are very 
stable chemically. Tlicv are not attacked l»v mois- 
ture or air u. moderate temperatures and in nearly 
all eases do not react with HCl or HF. All the bo- 
rides, however, are readily dissolved by molten 
alkali hydroxides. The transition metal diborides 
and all of the borides of (iroup Via are stable at 
high temperatures in the presence of carbon or 
carbides. 

The transitional metal borides are gray in color 
with a metallic luster. The alkaline earth borides 
are black and brownish black. The rare-earth 
borides are various shades of blue and purple. 
Lanthanum boride turns a deep red w T hcn moist. 
Thorium hexaboride is red and thorium tetra- 
boride is yellow. 

The Mc s B borides crystallize into structures 
which are isomorphous with CuAL-typc structure 
shown in Fig. 1. The small black spheres represent 
the boron atoms and the large white spheres rep- 
resent the metal atoms. In this tetragomd struc- 
ture there are four boron atoms and eight metal 
atoms in one unit cell. The boron atoms are ar- 
ranged in layers with the metal atoms interleaved 
between them. Although the boron atoms lie in 
layers, they are apparently isoluted with no boron- 
boron binding in these layers. However, ouch 
boron atom does have two close boron neighbors, 
directly above and bolow r it in adjacent boron 
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Fig. 1 



Fig. 



Fig. 3 


planes. The metal atoms form pairs, as shown, and 
the distance between the utoms of such a pair is 
shorter than in the metal crystal. These pairs, one 
above the other and rotated 00°, form tetraliedra 
of metal atoms. The isolated boron atoms then fit 
in the holes between the tetrahedra. 

The MeRj borides have a hexagonal A1 B a - type 
structure as shown in Fig. 2. In this structure the 
arrangement again consists of alternate layers of 
boron atoms and metal atoms. The boron layer 
consists of hexagonal meshes like that of the 
graphite layer structure. Each boron atom is lo- 
cated at the center of a triagonal prism of metal 
atoms. The metal atoms form a simple hexagonal 
structure. Each metal atom has twelve equidistant 
boron neighbors, six in the plane above it and six 
in the plane below'. In t lie boron planes each 
atom is equidistant from three other boron atoms. 
Each boron atom has six equidistant metal atoms 
at the apexes of the triagonal prism. 

The alkaline-earth metals, the rare-earth metals 
and thorium all form hexaborides with the Call*- 
tvpe structure*. This crystal structure is shown in 
Fig. 3. The small boron atoms form a three-dimen- 
sional framework structure which surrounds the 
large metal atoms. The boron framework is made 
up of octahedra, one at each corner of the cube. 
These are bonded together at their apexes. Each 
boron atom has four adjacent neighbors in its own 
octahedra ami another neighbor in the direction of 
"one of the cubical main axes. 

The monoborides have at least two different 
crystal structures characterized by zigzag chains 
of boron atoms extending indefinitely throughout 
the crystal. Because of their low scattering powers 
ffir x-rays, the positions of the boron atoms are not. 
always readily determined and frequently some 
doubt exists as to their exact locations in sonic of 
these structures. The compound ferric boride, 
Fell, has an orthorhombic, crystal structure which 
is isomorphous with Coll. In this structure, each 
boron atom is surrounded by six iron atoms at the 
apexes of a trigonal prism. However, the nearest 
neighbors to each boron atom are two other boron 
atoms, thus forming an infinite boron zigzag chain. 
Several other monoborides form variations of this 
structure, some tetragonal, but all have boron 
chains. 

The dodecaboride, Zrllis , is isomorphous with 
UB 12 . This structure consists of a three-dimen- 
sional framew'ork of boron atoms with metal atoms 
located in the interstices of this skeleton. A face- 
centered cubic cell contains four Zrfiu units. 

The AlBi 2 compound has three structures; a 
tetragonal diamond-like structure fend graphitic 
structures of both tetragonal and monoclinic 
systems. 

The tetrabo rides of Ce, Th and U form tetrago- 
nal structures with the metal atoms -in sheets and 
the boron atoms in positions resembling both the 
diboride and hexahoride structures. 'With the in- 
tensive study now being devoted to refractory 
materials it is most likely that many more borido 
compounds will be reported in the near future. ■ 
The high-melting borides of the transition 
metals in Groups IVa and Via are considered most 
promising as high-temperature materials for such 
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applications as turbine buckets and rocket noz- 
zles. 

Lanthanum hexuboride is used as a thermionic 
cathode material because of its metallic proper- 
ties and high chemical and thermal stability. 

Small quantities of boron are frequently added 
to steel in the form of borides for improving its 
ability to be hardened. 

Excellent references to the literature* on the 
transition metal borides may be found in Schwarz- 
kopf and Kieffer’s book “Refractory Hard Met- 
als”. 

J. M. Laffkiity 

Cross-references: Borates, Boron 

BORON AND COMPOUNDS 

Boron, essentially mctalloidal in character (in 
this respect differing from all the other, strictly 
metallic elements of Croup III) is the fifth cle- 
ment of the periodic table, having an atomic 
weight of 10.82, with known isotopes of mass num- 
bers 10 and 11. In the form of borax (Na-ILO?* 
1011.1)1, it has boon an article of commcicc for 
hundreds of y • . > »* The element itself is difficult 
of isolation, and many of the characteristics 
assigned to it by early investigators are now 
known to refer to highly impure and oxygen-con- 
taining material, and even to metallic borides 
and boro carbides, as made by reduction of oxy- 
genated compounds The element can he isolated, 
in pure lorin, bv reducing boron trichloride or 
tnhromidc with h\ dm gen in a high-tension an* or 
by deposition on a limited tungsten wire, bv db 
social ion of boron tribromide on a heated tungsten 
wire, by dissociation of diborane (1LIL,). and, best 
from a production viewpoint, l>\ electrolysis of 
potassium iluoborate (KBF») in I used potassium 
chloride, with or without boric oxide additions 
The element, which appeal's in crxstalline form 
from coarse to microcrystalline (so-called amor 
plious), has a density of 2 21-2 ill, ami its melting 
point is assumed in the 2000-207/5 ’( 1 range, al- 
though it may actually be nearer 2200 ( ' Its elec- 
trical conductivity is verv low at room tempera 
tores, but rises phenomenally with temperature; 
impurities have a great influence on the conduc 
tivity, carbon being extraordinarily effective even 
in 0.1% magnitude. 

In alloy form, boron lias proved of considerable 
.worth in degassing and deoxidizing metals, copper- 
base in particular; similarly, boron aids in the 
grain refinement of aluminum World War II 
brought boron steels rapidly to the fore, since 
(plant it ies of the order of .000/i to .005% have 
proved adequate to increase hardenability veiy 
sharply. Here again, boron is usually added as a 
master alloy as forfoboron or as manganese- 
boron; the use of boron enables significant con- 
servation of the scarcer ferro-al loving elements. 

Boron has been suggested for motor-starting 
deviecH, thermal cut-outs for transformers, ther- 
moelectric couples, pivot bearings, wire dies, and 
variable resistor devices. Fairly substantial 
amounts of boron are used as ignitors in rectifier 
and control tubes. The element is of value in 
atomic work because it occupies top rank of any 


of the elements as a neutron absorber. Boron, 
when burned, gives highest BTU of any of the 
solid elements (25,120 BTU/lb) consequently is 
being seriously considered as a fuel booster in 
jet engines. Boron is a good reducing agent for 
many refractory oxides, and when its cost is 
lowered it could replace silicon and aluminum for 
this purpose. An important use for boron is in 
aluminum for making w T irc of high electrical con- 
ductivity. In certain other aluminum base alloys, 
it is used in minute amounts to confer exceptional 
strength, especially to those alloys w’hicli are sand 
east, and require no heat treatment. 

Elemental boron unites readily with all the halo- 
gens, but it is unaffected by boiling HfM or II F; 
conversely, with III it reacts explosively. Concen- 
trated nitric acid or hot sulfuric acid reacts slowrly 
on massive boron; caustic alkalies, either as aque- 
ous solution or in fused form, have substantially 
no effect. Fused sodium peroxide or a fused mix- 
lure of sodium caihonate and potassium nitrate, 
on the otlici hand, react vigorously. In air, tho 
massive element is unaffected at 750°(\ and action 
is .slow even at lOtXl'V; in oxygen, attack at 
1000 *C is finite* rapid. Surprising! v, finely divided 
material, of 0 J 10.0 micron range size, oxidizes 
slowly even at room temperature; in general, the 
finely divided material is far more reactive than 
the massive. 

The* best known compounds of boron are deriva- 
tives of boric acid, , and its anhydride, 

B?0. . Few simple salts are known derived from 
If ilit ) . oi the metabolic acid, HHOj ; most natural 
and synthetic salts are derived from polvboiic 
acids of greater complexity; borax, for sample, is 
derived fiom tetraborie acid. 1I ( B.>0? , being found 
in nature a'- lasoritc (XujH|( b ■ III ()) and as 
native borax ,,, .h'*r important minerals are cole 
manite, ( , a»Bi* h i ■511 •< ), and ulexite (“cotton 
ball”) N:i('nH <)«. Si CO 

\ raie. Imt remarkable, compound of boron is 
the nitride, BN , a line white powder with a hexago 
mil graphite like platelet structure. Of very low 
apparent densitN, significant oxidation resistance 
(up to about tiSO'V), very high melting point 
(about ;W00°(M, and extremely high electrical re- 
sistivity, the material has frequently been sug- 
gested as a special lubricant and for crucible 
purposes. 

The h>(lrides of boron --in many structural re- 
spects resembling the hydrocarbons have been 
’•eceiving considerable attention recently, particu 
Jurly along the lines of jet and rocket fuels. In 
contradistinction to the hydrocarbons, they have 
negative heats of formation, with consequent 
unusually high energy liberation on oxidation. 

By far the largest commercial utilizations of 
boron arc in the form of boric acid and the borates; 
one of Iho more important is for standard and 
special glasses— -in particular, the horosiljratc type 
of glass, such as “Pyrcx”, with its low coefficient 
of expansion and high chemical resistance. Re- 
lated to this is the use of borax in enamel frits. 
Borax has also found extensive utilization in 
cleansers, detergents, and water-softening mix- 
tures, and as a mild alkali in industries as diverse 
as leather treatment and photography. 
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Metallurgical and welding duxes are generally 
boron-based, copper-base metal fluxes, using borax 
or boric acid a major component, while silver 
solder fluxes frequently contain fluoborates. The 
borate salts are being used as firc-retnrdents in 
lumber, textiles, and similar combustible materi- 
als. Because of the bacteriostatic and fungistatic 
action of boric acid, it has become a standard 
pharmaceutical item in external medical washes — 
for eyewashes in particular; in recent years, how- 
ever, a growing realization of the systemic toxicity 
of boric acid has resulted in less promiscuous use. 
Both the borates and fluoborates arc increasingly 
being found as constituents of electroplating 
baths. 

Despite its toxicity for both plant and ;mimal 
life when in larger quantities, traces of boron have 
been found essential to normal plant growth, .and 
crop depletion of boron from the soil has neces- 
sitated the addition of this element during fertili- 
zation of many soils. There is some reason to 
believe the boron to be necessary in protein syn- 
thesis from the plant carbohydrates, but little is 
known beyond this conjecture. Inadequate boron 
usually shows itself as plant stunting; require- 
ments vary grcatl> , from about 1 to about 300 
milligrams per kilogram of plant dry substance; 
most plants appear to be in the 10-20 milligram 
range. The variable range — between plant -essen- 
tial boron content, of the soil on the one hand, and 
toxic concentrations on the other hand- is re 
markably narrow’, being, for both extremes, of the 
general order of a few milligrams of boron per 
kilogram of soil 

Hi gh S. Cooper 

Cross -references : Rarities, Borates 


BOYCE THOMPSON INSTITUTE 

The Boyce Thompson Institute for Plant Re- 
search, Inc. was organized as a nonprofit , member- 
ship corporation under the laws of the State of 
New York on October 27, 1024. It was founded and 
endowed by William Boyce Thompson, financier 
and mining expert, to expand human knowledge 
and promote the w’elfure of mankind. 

The general idea of a separate institution w’as 
first embodied in the Farm and Research Corpora- 
tion organized in 1010. During the next five* years, 
a plan for the present Institute evolved along 
lines proposed by Professor John M. Coulter of the 
University of Chicugo. William Crocker was ap- 
pointed Managing Director, a library of over 

20.000 volumes was initial eel, and the staff was 
organized. 

The principal offices and laboratories arc located 
on a 7-acre tract at 1086 N. Broadway in Yonkers, 
N. Y. about uinctecn miles north of downtown 
New York City. There are 106,000 square feet of 
floor space in the major building and almost 

30.000 square feet of greenhouses attached to it. 
The modernly equipped laboratories contain spe- 
cial facilities such as light -temperature control 
chambers, refrigerated rooms, Poet- -Grady and 
other insect rearing and testing establishments, 
precision spray laboratories and temperature- 


humidity cabinets for infesting plants with patho- 
gens. Additional plant-growing facilities an* avail- 
able on a 10-acre experimental farm and a 210-acre 
arboretum where 3,000 s|H»cics of plants are main- 
tained for study. 

The affairs of the Institute an* managed through 
a Board of Directors whose* members are appointed 
annually by the eleven Members of the Corpora- 
tion who serve in the capacity of trustees and fill 
vacancies in their membership by election. The 
principal officers of the Corporation in 1051 wen? 
Chairman of the Board, Fred Hearts, Jr.; Vice- 
Chairman of the Board, Mrs. Peggy Downey; 
Secretary, John M. Arthur; Treasurer, Win. T. 
Smith; and Managing Director, George L. McNew. 
The latter, appointed upon retiiement of Dr. 
Crocker on September 1, 10 tO, is the principal 
executive officer charged with the responsibility 
of actively managing the affairs ot the Institute 
and organizing its research program under Ihc 
general policies established by the Board of 
Directors. 

A research staff of 66 technically trained people 
conduct investigations organized as some 15 
projects. Plant physiologists, plant pathologists, 
entomologists, biochemists, organic chemists, 
physical chemists, morphologists and geneticists 
work as members of research teams when* their 
skills can be blended to best advantage rather than 
as members of professional departments The 
scientists are relieved of routine operation by 
service and maintenance staffs employing KM) 
people. 

The Institute program derives its support from 
an endowment established by the Founder and 
later augmented bv the generosity of his wife, so 
total assets are about sixteen million dollars. In 
come from these funds supports the basic research 
programs. The institute also accepts supple men 
tary funds from industry, government and private 
agencies who huve special problems to solve either 
by fundamental or applied research. The basic 
philosophy of the Institute is that practical prob 
leins can be solved most expeditiously be develop- 
ing fundamental knowledge on the processes in- 
volved. Its staff is expected to acquire such basic 
facts and skills that it can be of substantial service 
to industry, agriculture and government in pro- 
moting the* public welfare. 

Some of the basic problems investigated by the 
Institute in the past 30 years are; physiological 
processes of seed during storage and germination, 
nature of grow'th and differentiation in plant tis- 
sues, effect of light quality and intensity on growth 
and flowering habits of plants, mechanism of 
action of fungicides, relationship of chemical 
structure to biological activity of organic com- 
pounds, nature of cell walla in plants and chemical 
properties of cellulose fibers, method of glycoside 
formation in plants, effect of polyploidy upon 
plant development, nature of virus diseases of 
plants, insecticidal ingredients of plants, syner 
gistic action of chemicals on insert icides, bud 
dormancy and its regulation, the regulation of cell 
multiplication, growth and mat unit ion by chemi- 
cals and effect of air pollution on plant health. 

Additional details on this program can be found 
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in Iho 17 volumes of the “Contribution* from Hoi/rc 
Thompson Institute* (11125-1054) or the condensed 
report by William ('rocker: “(Irowth of Plants”, 
published by Reinhold Publishing Corn of X f . u 
York in 11)48. 

( iKor(;e L McXkw 


BRAGG, SIR WILLIAM HENRY (1862-1942) 

('ailed “one of the most illustrious ornaments 
of physics” and “one of tin* best loved friends of 
all science”, the founder of x-ray science and the 
elder in one of Iho most famous father son teams 
of scientists in history, Sir William was born on 
July 2, 18(12 at Wigton, Cumberland, England. 
He stands as an example of rich development in 
years in which the prime of .youth has passed; for 
though, naturally, he was a successful student and 
an eminently successful teacher, it was not until 18 
years after his departure from Cambridge to ac 
cept the professorship of mathematics and physics 
at the University of Adelaide, South Australia, 
that he published his first paper when he was more 
than 10 years old ,1H. ' *r\ evident , however that 
in tho years wdiich had preceded, there had been 
a great strengthening of mental forces to the point 
of readiness for service when once released in the 
search for new truth, for within three \ ears of his 
lirst publication he had become a Fellow of the 
Royal Society, ami from that time onward lie was 
a continual contributor to the* journals of science 
and the author of several great books. 

Bragg's lirst paper on the range and ionization 
of alpha particles is one of the fundamental step 
ping stones in the science of radioactivity. In 11)08 
lie returned to England as professor of physics 
at the University of Leeds, and it was not long 
before he became interested in x-ray research, 
coming into the field at a time when, with the 
principles of the (plant um theory knocking at the 
doors of science, conventional elect romagm tie 
views as to the behavior of nature held powerful 
sw'ay. Bragg yyas a strong advocate of the particle 
nature of x rays, and his masterly writing invited 
considerable controvers.y with (\ (J. Barkis and 
others. It is characteristic of Bragg’s broadness of 
view and his adaptability to changing pictures, 
that, following von Lane’s fundamental dis- 
covery in 1912 of diffraction of \ rays by crystals, 
he. entered that field yyith enthusiasm and in col- 
laboration with his son, William Law i cure Bragg, 
became the most prominent worker in the field 
which established the science of x ray spectros- 
copy. 

The first spectrometer, still a prized possession 
of the University of Leeds, was built, and with it 
one of Bragg’s young students, Moseley, per 
formed the notable experiments which have im 
mortalized his name. Bragg was at Leeds when the 
first World War broke out , but he became professor 
of Physics at University College, London, in 1915, 
though his time during the war yvas devoted to 
government service, lie became Director of the 
Koyal Institution and of the Davy -Faraday Re- 
search Laboratory in 1923, where he remained 
until his death on March 12, 1912. In this position 


his powers reached their maximum field of use- 
fulness. Endowed with all the personal charm so 
essential to the office, he was a worthy successor 
to Faraday, not only as a fruitful investigator, 
but us an inspiring speaker possessed of a gift for 
lucidity which made his lectures a joy, both 1o 
the man of science and to the layman. One of the 
most inspiring experiences of visitors to this 
kindly, courteous man, of whom the writer W’as 
one, was to have* the original notes made by Fara- 
day of Sir Humphry Davy's lectuies at the Royal 
Institution displayed. Sir William was the re- 
cipient of many honors, including the Nobel Prize 
in 1915. He yvas respected and beloved all over the 
World for the greatness of his scientific ability and 
of his spirit, and for the simplicity of his manner. 
(Based in part on an obituary by W. F (1 Swann). 

Ckorck L. Clark 


BREWING 

Brcyving is the production of beer and ale, a 
process involving a complex series of enzymatic 
reactions. Most important is the conversion of 
starch by the malt enzymes to a malt extract pri- 
marily composed of maltose (wort), which in turn 
is fermented with yeast of various types. The 
basic ingredient for both is malt, and United 
States Alcohol Tax Laws refer to both beer and 
ah as “alcoholic malt beverages” in contrast to 
wine, which is made from grapes. 

Malt is the basic brewing material. It contrib- 
utes most of the starch and all of the enzymes for 
the oveiall conversion during mashing. Many 
types df grain can be malted, but practically all 
malt used for brewing is barley malt. The primary 
puipose of multii.) is to activate the enzyme sys- 
tem in the barley . I he process resembles the initial 
phase of the natural growth cjele for a kernel of 
grain Barley i steeped in wutcr to absorb mois- 
ture. Intermittent aeration promotes growth. The 
germination is carried out in drums or compart- 
ments yyith turning devices to prevent matting of 
the rootlets. The growth is controlled by passing 
moist air t lirough the germinating barley . Progress 
of germination is lolloyycd by observing the length 
of the acrospire. Satisfactory modification is 
normally accomplished when the acrospire up- 
pi ouches the end of the kernel and is ready to pro- 
trude. At that stage tin germinated “green” malt 
e transferred to malt kilns yyhere tin* groyvth is 
ai rested by hot air drying. Both aroma and enzy- 
matic activity of the malt are greatly influenced 
by the moisture left in the malt when high beat is 
applied during the final kilning. In accordance 
with the American tendency to specialization, 
malting has become a separate industry. 

Hops are the blossoms of the female hop vine. 
The brewing quality is identified with the resinous 
substances humulone and lupulonc, located in 
small lemon-colored glands near the stem of each 
petal. They impart a bitter taste and pleasant 
aroma. Rice, corn grits awl other cereals are used 
as extra sources of starch. Flavor-yyise adjuncts 
serve as diluents to avoid the slightly satiating 
character of all malt beer. Water has played a 
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great role in brewing of fine beer. It still does; but 
with today’s better understanding of brewing 
chemistry, it is normally possible to augment the 
natural minerals in water to meet specific require- 
ments. All brewing water must, however, be clean 
and free of foreign taste or odor. 

Brewing is a batch process throughout. In fact, 
the basic process steps have been essentially un- 
altered during the last 100 years. Progress with 
biological control and statistical quality control, 
together with automatic instrumentation, has 
made it possible to produce fine beer with great 
consistency. 

The initial phase of the brewing process is pro 
duction of wort. It entails milling, mashing, ex- 
traction and boiling with hops. Malt is crushed to 
expose the solids for thorough wetting, which must 
precede the enzymatic hydrolysis during mashing. 
The malt husks should be kept relatively intact, 
since they later serve as filter aids for the separa 
tion of wort from the undissolved solids. Malt mills 
are therefore const rueted with several roller 
couples and intermediate screens. The starchy 
materials are squeezed out of the husks and the 
gritty particles are ground further. 

Mashing is the preparation of a malt extract 
(wort) from malt and cereals b> enzymatie hy- 
drolysis. The primary products of mashing arc* 
maltose, dextrins and a small, but important, 
fraction of protein which is essential for good foam 
ami smoothness of the finished beer. In addition, 
wort must contain the necessary nutrients for 
yeast growth. Mashing involves a complex inter- 
play of chemical and enzymatic reactions which 
are not fully understood. The primary reaction is 
enzymatic decomposition of starch by alpha and 
beta-amylase. Their action is synergistic: the 
starch molecule is a glucose polymer with 
branched chain structure. Alpha -amylase splits 
off dimer-units of maltose from the straight chains 
while beta-amylase splits off chain sections, thus 
exposing more straight chain terminals for the 
action of alpha-amylase. There is evidence of a 
third enzyme, limit dextrinase, which decomposes 
thermal sections of dextrins w'hich cannot be 
attacked by alpha- or beta-amvlase. Many other 
enzymes play a role in mashing. Some enzymatic 
reactions precede and condition the mash for the 
primary conversion of starch, while other reac 
tions such as the hydrolysis of malt protein 
largely runs concurrent to the starch conversion. 
All the enzymatic reactions in the mash are in 
lluenced by temperature, pll, concentration and 
process time, but not to the same extent . A certain 
ratio of fermentable sugar to uonfermentable 
sugar can therefore be obtained in different ways 
and with varying side reactions. The art of brew- 
ing entails the empirical experience of choosing 
the best procedure for getting the most desirable 
side reactions along with the major conversion of 
maltose and dextrin. 

Lautering is the separation of soluhlized extract, 
wort, from the grain residue. Plate and frame 
filters and serial butter tuns are used. The latter 
are gravity filters with rotating knives to plow up 
the grain bed and prevent it from packing tight 


during filtration. Malt husks serve as filter aids 
while the filter cloth or strainer bottoms merely 
act as supports for the grains. Separation of the 
original wort is followed by sparging with hot 
water to remove the last wort from the grains. 
The concentration of the first wort is about 18- 
20% extract to produce a finished wort with 12.5% 
extract . 

For flavoring, the brew is boiled with hops. 
At the same time, the combined action of boiling, 
low pH, and hops, renders the brew sterile. Vigor- 
ous boiling promotes cnngulntiou of unstable pro- 
teins imd is beneficial for the ultimate beer stabil- 
ity. The process of coagulation and separation of 
unstable materials continues through all the sub 
sequent processing 

Wort Coo! mg requires a high degree of sanita- 
tion, for the cooled wort provides anexccllcnt sub- 
strate for competitive organisms. The brew is 
therefore vulnerable to spoilage mil il pitched with 
yeast and in vigorous fermentation 

Fer men till ion. Fermentation is the key opera 
tion in brewing anti is conducted with great care. 
Both the type of yeast and the entire scheme of 
fermentation is refleeted in the taste and aroma 
of the finished product. Air is essential for the 
initial propagation of yeast, though the fcnncnta 
tion itself is an anaerobic process. The fermentable 
sugars are split to ethyl alcohol and carbon dioxide 
by enzymatic action of the fermenting \east 
Temperature great Iv influences the velocity of 
fermentation as well as tin* taste and aroma prnb 
ablv through formation of fermentation by piod 
nets. 

Brewery yeasts art* pure cultures of the species 
suer hammy sen cerrina. All mult iplieat ion is by cell 
division. Wit h a high degree of sanitation and care- 
ful handling, it is possible to use the same yeast 
for many successive fermentations. Ale yeast is 
“top-fermenting”, meaning that the yeast cells 
agglutinate during fermentation and rise to the 
sin face with the ascending CO. bubbles Beer 
yeast is often ealied “lager \cast.” It is “bottom 
fermenting”. The yeast cells stay suspended in 
the fermenting beer and settle to the bottom at 
the end of fermentation. 

Freshly fermented beer is harsh tasting and 
iniisl be matured by aging. The flavor modification 
can be ascertained organoleptically, but the chem- 
ical reactions involved are obscure and probably* 
involve trace constituents such as aldehydes or 
mereaptnns. Aging also entails clarification and 
carhonation of the beer. Two methods of carhona- 
tion are used in the American brewing industry: 
after-fermentation and induced carhonation. Fine 
beers are produced by both methods. 

Beer is not a true solution. The proteins impor- 
tant to foam and siuoot liness are colloids ami in- 
herently are prone to coagulate and form haze in 
the finirhed beer. Beer is shipped long distances 
and is not always consumed right away. This led 
American brewers to perfect the technique of 
eliminating the protein fractions most prone to 
precipitate. Both solubilization and precipitation 
methods are used and often in conjunction. The 
solubilization method is called “chillproofing” 
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and involves addition of proteolytic enzymes to 
the beer. Proteolysis is not selective; the enzymes 
will attack both stable and unstable proteins. 
Precipitation by adsorption to mineral geU such as 
bentonite is more selective, but requires more pro 
cision in processing. Chemical precipitants such 
as tannin are also used. 

Beer is clarified by lilt ration to remove sus- 
pended proteinaceous material. Two or more suc- 
cessive tilt rations permit rational selection of the 
best filter aids. Diatomaceous filters are well- 
suited for the first hit rat on. The filler surf nee is 
kept from clogging by continuous addition of din- 
toiuaecoiiN earth which imho Is the retained solids. 
Tin* second filtration is often done on “pulp” fil- 
ters with fixed filter pads of cotton libers There 
are many variations and eombinations of Ultra 
tion. Public demand for brilliant clear beer has 
spurted great progress in the filtration technique. 
High brilliancy is conducive to good stability 
since suspended solids tend to act as foci for pre- 
cipitation and produce a “snow balling” effect. 

The brewing industry in the Tinted States pro- 
duces a total of tSO IK) million barrels of 31 gallons 
each annually and neatly one billion dollars 
in taxes. There are almost 3(H) htewcurs operating 
in the Tinted States. The i n« 1 list r\ is represented 
by 1 nited States Brewers Foundation and Brewers 
\ssoeiation of Ainciica. The brewing profession 
has two technical societies. Master Brewers Asso- 
ciation of America, The American Society of 
Brewing Themists and the Brewing Industries 
Research Institute 

Kdwaho \V Hi her \\i> Erik Krvhke 
Cross-references : Ainu mm Institute of Bukuuj, 
Enzymes, Marti nolnyy , Ymst 


BREWING INDUSTRIES RESEARCH INSTITUTE 

The object of Brewing Industries Research In 
stitute is to sponsor research for the benefit of the 
brewing industry as a whole and to publish the 
findings thereof. Speeilicalh , the purpose is to 
carry out important basic research which, by 
nature, is unlikely to be solved b> the individual 
members of the industry. The Institute was 
founded January II, 11152 and registered as a non- 
profit corporation in the State of Illinois. Official 
address is The Rookery, 201) South LaSalle Street, 
C'hiengo 4, Illinois. First and present president is 
Mr. Edward W. Huber (’barter members of 
Brewing Industries Research Institute were the 
professional and industrial organizations of the 
brewing industry as listed below: (1) American 
Society of Brewing Chemists (2) Barley and Malt 
Institute (3) Master Brewers Association of Amer- 
ica (4) Small Brewers Association of America (5) 
United States Brewers Foundation, Inc The 
activity of B. I. R. I. has been the sponsoring of 
research programs in universities and research 
institutions. Major projects pertain to the brewing 
ingredients and beer itself. Several short range 
projects have been successfully completed. 

Erik Kharhe and Edward W. IIuber 


BROMATES 

Bromates are salts of the very unstable acid 
JIBrOi (bromic acid), which exists only in aqueous 
solutions. The salts, though quite stable at ordi- 
nary temperature when dry or in neutral or alka- 
line aqueous solution, are strong oxidizing agents 
in acid solution. Like the chlorates, they react 
vigorously with organic matter when heated or 
subjected to shock. 

Alkali bromates are prepared by the electrolytic 
oxidation of bromides or by the reaction of bro- 
mine with an alkali hydroxide or carbonate, in 
w r ater : 

KBr + 311.0 - 6c KBrOs + 3H, 

3Br, 3Xa 2 rO, + 3II 2 () > 

NuBrOa + 5Nal3r + 3It 2 CO., 

The bromates are generally less soluble than the 
bromides and may be crystallized from the mix 
tore. 

Uses for the bromates are based upon their oxi- 
dizing properties. The baking eharaet eristics of 
wheat flour are improved by addition of 5 to 10 
paits of bromate per million; apparently the salt 
oxidizes sulfhvdryl groups in the protein, which 
otherwise would affect the dough viscosity ad 
versely. Bromates are also used as analytical 
l ragouts and in some hair wave preparations. 
“Mining salts” or “bromine salts” are mixtures 
of bromates with bromides, which yield bromine 
upon acidification and have some uses as bro- 
minnting agents. 

V. A. Stem. eu 


BROMIDES 

Inorganic bromides are salts of h.\drobromic 
acid, HBr. Their properties are intermediate be- 
tween those of the chlorides and the iodides. 
Most metallic bromides are quite water-soluble, 
those of silver, lead and monovalent mercury, 
thallium or gold being exceptions. In the absence 
of chloride and iodide, a bromide can be delected 
and determined . it her volumetrically or gravi- 
mctrically by precipitation as silver bromide. In- 
terference from iodide is avoided by first boiling 
witli nitrous at id (sodium nitrite plus dilute sul- 
furic acid), whereby iodine is expelled. Bromide 
»*t the presence of chi >ridc may be deteeted by 
nidation to bromine (amber color) with chlorine 
water. It may also be determined by oxidation to 
bromate with sodium or potassium hypochlorite. 
The excess hypochlorite is decomposed with 
sodium formate and the bromate is determined by 
treatment with potassium iodide in acid solution, 
followed h\ titration of the liberated iodine. 

Alkali and alkaline earth bromides are prepared 
moat simply by treating the corresponding hy- 
droxides or carbonates with hydrobromic acid, 
followed by evaporation and crystallization. 
Sodium and potassium bromides may also be re- 
covered from mother liquors obtained in the 
preparation of bromates from the carbonates and 
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bromine. The major use for these compounds is 
in photography, in the preparation of the light- 
sensitive silver bromide emulsion. However, 
considerable quantities are also used in pharmacy, 
us mild sedatives. Bromides sueh as those of 
lithium and calcium, being very hygroscopic, find 
uses in air drying and refrigeration. Anhydrous 
aluminum and iron bromides are useful as cata- 
lysis of the Friedel Oaf is type. 

Hydrogen bromide, a corrosive, irritating gas, 
is prepared by burning bromine vapor w it h h\ dro 
gen. It dissolves readily in water, forming hydro- 
bromic acid. Either the acid or the gas can be used 
in the preparation of various inorganic and or- 
ganic bromides. 

Of the organic bromides, ethy lene dibr«*mide has 
by far the greatest eommeicial use. As an in 
gredient of antiknock fluid for motor fuels it 
serves to react with tetraethyl lead, aiding in the 
removal of lead from the cylinders. Both methyl 
bromide and ethxlene dibromide are employed 
widely* as agricultural chemicals, for the steriliza 
tion of soils and the fumigation of grains and 
other food products. A number of organic bro- 
mides are used as intermediates in the synthesis 
of pharmaceuticals and other products. In general 
the introduction of bromine into a molecule in 
creases its reactivity and density but decreases 
its volatility* and flammability. Methylene chloro- 
biomide and several other substituted bromo- 
mrthanes are excellent fire extinguishers. Acetyl- 
ene tetrabromide and other hromoeompounds are 
used as heavy liquids tor gages, mineral separa- 
tions, etc. Several brominated phenolic com- 
pounds are used as antiseptics or fungicides. Most 
of the organic bromides are toxic; inhalation of the 4 
vaporH and contact with the liquids or solids 
should he avoided. 

V. A. Stkniikr 

Cross-references: Antiknock Af/cntx 


BROMINE 

Bromine is a nonmetallic element of the halogen 
family, w T ilh chemical properties resembling those 
of chlorine and iodine (Croup VII of Periodic 
System). At ordinary temperature it is a dark 
red-brown liquid which vaporizes readily. Both 
liquid and vapor are very corrosive and the* vapor 
has an intensely irritating odor. The element 1 has 
atomic number 35, and consists of two stable iso- 
topes, Br 7 * and Hr* 1 , present in nearly equal 
amounts so that the atomie weight is 71) .910. The 
liquid and vapor are dialomie over a wide range 
of temperature. 

It was diseovered independently by A. J. Balard 
in France and O. Ldwig in Germany, in 1825. 
Balard obtained it by chlorinating sea water bit- 
terns and liberating the element by (list illut ion, 
whereas l^owig treated salt spring brine with 
chlorine and extracted the bromine with ether. 
Balard selected the name from the Greek Bromos , 
meaning “stench". 

Occurrence. The occurrence of bromine gener- 
ally parallels that of chlorine. In the earth’s crust, 
the latter is about 300 times as abundant as the 


former. Neither element occurs free in nature, but 
is always found as a halide. With the exception of 
some rather rare silver salts, no natural mineral 
contains bromine as an essential constituent.. 
Alkali and alkaline earth halides, because of their 
solubility, are susceptible to leaching from rocks 
and soils by rain water and are carried to the ocean 
w here they accumulate Average ocean water con- 
tains 07 mg of bromine per liter. In various parts of 
the world there are salt deposits or brines where 
bromine has been enriched by evaporation of 
water from prehistoric seas or salt lakes. Bromine 
is extracted commercially from the ocean, from 
underground brines in Michigan, Ohio and West 
Virginia (0.05 to 0 30% Br), from saline basins 
such as Searles bake, California (0.0X5%) and 
the Dead Sea. Palestine (0.50%), and from solid 
salt beds at Stassfurt, Germany. In the latter, 
bromine is present in the form of chlorohromidc 
mixed crystals with the more soluble components 
(carnallite, KCI*MgCl«*0lM>, and tachhvdrite, 

2Mg( Is-CnCVttlfjO). 

Preparation. Bromine is prepared in the la- 
boratory by reaction of a hromatc with a bromide 
and acid, in water: 

NaBrOi 4- SXnBr + 311.4*0 1 - 

3Br. + 3Xa,S()i I 311*0 

The bromine is distilled out and condensed to 
get her with a little water, from which it may be 
separated by gravity, and is dried by treatment, 
with anhydrous calcium sulfate. 

Commercially, bromide containing brines are 
treated with chlorine and the bromine is vwopt out. 
b.v steam- 

2Br + Clj * Bi, -I 2C1 

The mixture of steam, bromine, and some chlorine 
is condensed and the halogen layer is fractionally 
distilled to obtain pure bromine. In the recovery 
of bromine from ocean water the use of steam is 
not economically' practical, so the bromine is 
blown out with air. The halogens are removed 
from the air stream either by scrubbing with 
sodium carbonate* solid ion or by int roducing sulfur 
dioxide and scrubbing with water: 

1. 3Br, + 3Na.CC), -> 5NaBr + NnBr(> 3 + 3COj 

2. Br, + SO., -b 211,0 ♦ 2IIBr -f H»HO, 

In t ho former case, bromine is regenerated by 
acidification as in the laboratory preparation 
above, w T hercas in the latter case, the acid mixture 
is reelilorimited and distilled as in the steam proc- 
ess. The w r aste sulfuric acid is used for acidifying 
the incoming ocean water, whiejb must be brought 
to a pH below 4 before treatment with chlorine. 

Properties. Bromine freczei at — 7.2°C and 
boils at 58.8°C. Tin* density of the liquid at 25°C 
is 3.101 and the specific heat ift 0.107 calorie per 
gram. Heats of fusion and vaporization are 16.1 
and 44.8 calories per gram, respectively. The 
solubility of bromine in water at 25°C is 3.35 grams 
per 100 grams of solution. In the presence of alkali 
halides, particularly potassium bromide, the 
solubility is increased. Presumably a complex 
polyhulidc (KBr-») iH formed. Bromine is com- 
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pletely miscible with many of tho common or- 
ganic solvent h such as carbon tetrachloride and 
benzene, though in most cases bromination occurs 
and the solutions arc not stable. 

In reactivity bromine is similar to chlorine, 
though its normal oxidation potential is somewhat 
lower (—1.0X7 volts for the aqueous system Br a + 
2 c -> 2Br ) Bromine attacks most metals. Alumi- 
num reacts with it vigorously, with emission of 
light, and jwitassium reacts explosively. On the 
other hand, lead, nickel, and magnesium are not 
attacked and may be used as containers for the 
liquid. Even sodium does not react with dry 
bromine below 300°(\ Tron and zinc are corroded 
rapidly if moisture is present. 

Bromine hydrolyzes slight I v in aqueous solu- 
tion, producing hypnhrnninus arid which is 
unstable: 

Br. 4 U.O — » HBrO 4- HBr 
211 BrO -v ‘JUBr -f (), 

The libei at ed oxygen is responsible for the bleach- 
ing action of bromine water, llypobroinite solu 
tions formed by neutralizing bromine water with 
alkali are also shuug *.\i lants, capable of oxidiz- 
ing ammonia to nitrogen, sulfur compounds to 
sulfates, and various metals to their higher 
valences. The hypobromite is also unstable, dis- 
proport ionating to broniate and bromide. 

Fnsat united organic compounds form addition 
products w it li bromine, in some cases almost quan- 
titative! \ 

11 11 If II 

It ('— ( ’R \ Brj— >ll(' CR 
Br Br 

The substitution reaction of phenol with bromine 
is also practically quantitative: 

C. 11,011 4 «Br. -v CJLBrjM 4 3HBr 

I'ms. Most of the bromine that is produced is 
converted to ethxlene dibromide (see Bromides). 
A small proportion is sold as liquid bromine for 
use in organic s> n theses, as an analytical reagent , 
and for miscellaneous oxidizing purposes. Bromine 
is an effect i vo antiseptic but except in specialized 
cases cannot compete economically with chlorine 
for water sterilization. The usefulness of bromine 
in synthesis stems from the ease with which it 
may be introduced and replaced in organic com 
ptmuds. Since bromine may be replaced more 
readily than chlorine, the reaction conditions are 
frequently less drastic. Selective reactions arc 
also possible so that, for example, two different 
groups may be introduced into a molecule by suc- 
cessive operations upon a bromochloro inter- 
medin to. Bromine also modifies the shades and 
solubilities of indigos and other colored com- 
pounds, thereby finding uses in the dye industry. 

V. A. Stenobr 

Cross -references : Bromales, Bromides, Dyeing 

BROWNIAN MOTION 

In 1827 tho British botanist, Robert Brown, dis- 
covered that extremely small particles suspended 


in a liquid perforin a chaotic zigzag movement, 
seemingly never ceasing and uninfluenced by any 
factor outside t he* system. This movement is now 
known as Brownian molecular motion . Robert 
Brown w r as born in 1773 at Montrose and died in 
1858 in London. In 1787 he entered Marisrhal 
College in Aberdeen hut two years later he moved 
to Edinburgh University. In 1801, as a naturalist, 
he undertook atrip tosurvey (lie almost unknown 
coasts of Australia. He returned to England in 
1805 and w r as almost immediately appointed Li- 
brarian of the Linnaean Soeioty. In 1827 Brown 
became Keeper of the now Botanical Department 
of the British Museum in London, an office he held 
until his death on June 10, 1858. 

A liquid at rest , Mich as water in a glass, appears 
to be homogeneous, continuous and motionless 
throughout. If a powder consisting of extremely 
line pai tides is mixed with the water and this mix- 
ture is stirred well, again no motion is noticeable 
after the disp< i\sion has come to rest. Microscopic 
studies have revealed, however, that this is actu- 
ally not t ho case and that this lino particles w'hich 
have been placed in water, or any other fluid, will 
not sink if they are of colloidal size, but are en- 
dowed with a very vigorous motion whieh is quite 
haphazard and irregular. The particles, even 
though of colloidal dimensions, retied enough 
light to be detectable in an nit ramie roscopc. 

In 1 X 63 C\ Wiener said : “The movement does not 
onginate in the partieles themselves, nor in any 
cause exterior to the liquid, hut must be attributed 
to internal movements characteristic of the fluid 
slate ’’ He also expressed the opinion that , accord- 
ing to thcrmokindics, the movement of the dis- 
persed particles is due to the irregular bombard- 
ment they reeeixe from the surrounding molecules 
oi the dispersion medium. His purely theoretieal 
deductions were supported by a large number of 
very carefully conducted experiments carried out 
by (Sony and r< antoni. 

Somewhat later, M von Smoluchowski worked 
out the theory of the Brownian motion from a 
molecular kinetic point of view. According to him, 
the middle kinetic energy of a particle, which is 
moved about by the impact, of the surrounding 
molecules of the liquid, must in stationary condi 
tion be equal to the kinetic energy of these mole- 
cules. Therefore, the particle must behave as if it 
wen* a molecule of a dissolved substance. A similar 
deduction w r as drawn by A. Einstein, who assumed 
’.at particles whieh can be made visible in a 
microscope and which show' Brownian motion will 
exert on an impermeable membrane exactly the 
same osmotic pressure as an identical number of 
molecules would . 

Brownian motion is characteristic of the par- 
ticles in rubber latex and similar colloidal sus- 
pensions. 

Ehnst A. 1Ia( t kkk 
dross -references : Colloid Chemistry 


BUFFERS 

When acid is added to an aqueous solution, the 
pH falls; w r hen alkali is added, it rises. If the orig- 
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inal solution contains only typical salts without, 
acidic or basic properties, this rise or fall may be 
very great. There are, however, many other solu- 
tions which can receive such additions with only a 
slight change in pH. The solutes responsible for 
this resistance to change in pit, or the solutions 
themselves, are known as buffers. A weak acid be- 
comes a buffer w'hen alkali is added, and a weak 
base becomes a buffer on the addition of acid. A 
simple buffer may be defined, in Brun^tcd’* ter- 
minology, as a solution containing both a weak 
acid and its conjugate weak base. Buffer action is 
explained by* the mobile equilibrium of a reversible 
reaction : 

A + U 2 <K ‘ B + 11,0' 

in which the base B is formed by the loss of a pro- 
ton from the corresponding acid A. The acid mnv 
be a cation such as Nil/, a neutral molecule such 
as CIl 3 (H)OH, or an anion such as H.d’Oi . When 
alkali is added, hydrogen ioii" ate removed to 
form water; but, as long as the added alkali is not. 
in excess of the buffer acid, main of the hydrogen 
ions are replaced by further ionization of A to 
maintain the equilibrium. When acid is added, this 
reaction is reversed as hydrogen ions combine with 
B to form A. 

The pH of a buffer solution may be calculated 
by the mass law equation 

pH = pK' + log < H 

* 4 

in which pK f is the negative logarithm of the 
apparent ionization constant of the buffer acid 
and the concentrations are those of the buffer 
base and its conjugate acid. 

A striking illustration of effective buffer action 
may be found in a comparison of an unbuffered 
solution sueh as 0.1 M Na('l with a neutral phos- 
phate buffer. In the former case, 0.01 mole of 11(31 
will change the pH of 1 liter from 7.0 to 2.0, while 
0.01 mole of NaOH will change it from 7.0 to 12.0. 
In the latter case, if 1 liter contains 0 06 mole of 
Na 2 HP (>4 and 0 04 mole of Nall-PO* , the initial 
pll is given by the equation : 

pTI - 6.80 + log = 6.80 + 0.18 - U.98. 

After the addition of 0.01 mole of HOI the equation 
becomes : 

pH - 6.80 + log = 6.80 
0.05 

while after the addition of 0.01 mole of NaOH it is 

pH ” 6.80 + log - 6.80 + 0.37 - 7.17 

The buffer has reduced the change in pH from ±5.0 
to less than ±0.2. 

Fig. 1 shows how the pH of a buffer varies with 
the fraction of the buffer in its more basic form. 
The buffer value is greatest where the slope of the 
curve is least. This is true at the mid-point, where 
Ca " Cb and pH — pK'. The slope is practically 
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Fig. 1 . pH of a simple buffer solution. Abscissas 
represent the fraction of the buffer in its more 
basic form. Ordinates an* the* difference between 
pH and pK' . 

the same within a range of 0.5 pH unit above and 
below' this point, but the hufler value is slight at 
pH values more than 1 unil greater or loss than 
pK r . The curve of Fig. 1 has nearly the same shape 
as the titration curve of a buffer acid with NaOH 
or the titration curve of a buffer base with IK 1 !. 
Sometimes buffers are prepared by such partial 
til rations, instead of by mixing a weak acid or base 
with one of its salts. (Yrtain “iiniversar 1 buffets, 
consisting of mixed acids partly neutralized by 
A’aOll, have titration curves which are straight 
over a much wider pH interval. This is also true 
of the titration curves of some polybusic acids, 
such as citric acid, with several pK' values not 
more t han 1 or 2 units apart . ( )t her polybasic acids, 
such ns phosphoric acid, with pK' values farther 
apart, yield curves having several sections, oach 
somewhat similar to the graph in Fig. 1. At any 
pH the buffer value is proportional to the coneen* 
t ration of the effective buffer substances or groups. 

The following table gives approximate pK r 
values, obtained from data in the literature, for 


several buffer systems* 


Constituents 

PK' 

11,1*0. . KHjl’Oi 

2.1 

HOOOH, HOOON'n 

5.6 

Oil.OOOIf, OHjCOONa 

1.6 

KIIjI’O, , NiijHl’O, 

6.8 

HOI, (OH s O!I),ONH s 

8.1 

NiijH.O, , HOI or NaOH 

9.2 

Nil, 01, NH, 

9.2 

NaHOO, , Nn,0(), 

10.0 

Na, 111*0, , NaOH 

11.6 


Buffer substances which occur in nature include 
phosphate, carbonates and ammonium salts in 
the earth, proteins of plant and animal tissues, 
and the carbonic acid -bicarbonate system in 
blood. 

Buffer action is esjiecially important in biochem- 
istry and analytical chemistry, as well as in many 
large-scale processes of applied chemistry. Ex- 
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amples of the latter include the manufacture of 
leather .and of photographic materials, electro- 
plating, sewage disposal and scientific agriculture. 

David I. llnviirorK 
Cross-references: Blood , Biochemistry , vB 
Acids , Bases 


BUNSEN, ROBERT WILHELM (1811-1899) 

ltobert Wilhelm Bunsen was born March 31, 
1811 in Clot t ingen, Germany. As a boy he showed 
great interest in geology, but as a student at the 
University of Gottingen he devoted himself prin- 
cipally to chemistry, physics, mineralogy, and 
mathematics. In 1831 he obtained his doctorate 
from the University of Gottingen with a disserta- 
tion in the field of physics. The following year he 
won a travel stipend, of which he made the fullest 
use. 

Back in Gottingen, he became a Primtdozcnt 
in the field of chemistry; here he discovered an 
antidote for arsenical poisoning, noteworthy lie- 
cause it represented one of Bunsen's few excur- 
sions into organic chemistry. When in 1835 his 
former teacher, Fiieuimh Stromeyer, died, he was 
invited to conduct St minever's lectures on theo- 
retical and practical chemistry. In 1.835 he was 
appointed teacher at the Polytechnic School in 
Kassel. 

From IN37 to IS 12 he investigated blast-furnace 
processes, lie found that almost half of the fuel 
produced heat was lost, and he demonstrated 
that this wti*d c could easily be avoided Upon the 
invitation of the British Association for the Ad 
vaiicement of Science, he invest igated jointly 
with Lyon Playfair the conditions of British fur- 
naces; he found the waste of heat to bo even 
greater. These investigations resulted in the elab- 
oration of his famous methods of measuring 
gaseous volumes, published in his book “Gaso- 
motrische Methodon” (1857). 

Simultaneously he was occupied with practical 
experiments in producing galvanic current ; he 
succeeded in replacing the expensive platinum of 
Grove's cells by carbon produced by him arti 
ficiallv. These Bunsen electrolytic cells were used 
extensively in industry at that tune. 

After almost. 13 years' activity at Marburg, 
Bunsen accepted the Professorship of Chemistry 
at the University of Breslau (1851) A year later 
fan went to the University of Heidelberg, succeed- 
ing Leopold Gmelin. In 1855 Bunsen moved into 
the university's new chemical laboratory, then 
considered the best, equipped and largest German 
university laboratory. Bunsen's laboratory at- 
tracted chemists from all over the world, many 
remaining only a short time to qualify as “stu- 
dents of Bunsen's." Though organic chemistry 
became increasingly the most popular field of 
chemistry in the 1860's and 1870’s, Bunsen refused 
to change his allegiance from his chosen area of 
inorganic chemistry. 

Bunsen’s achievements in Heidelberg were ex- 
tensive. Besides devising the famous Bunsen 
burner, lie discovered a method of separating 
metals by means of electric current. Ho produced 


pure chrome and manganese from chloride solu- 
tions; light metals in large (plant it ies through 
electric decomposition of their molt on chlorides: 
magnesium, aluminum, sodium, barium, ealcium, 
and lithium. Perhaps it wu> the dazzling white 
light, generated when magnesium was burned 
which led Bunsen to a series of photoehemical 
investigations made jointly with Henry K. Hoseoe 
(1855 1862). In this connection he invented the 
grease spot photometer. In the years following, 
Bunsen continued his studies of light. In I860, in 
collaboration with Gustav KirchholT, he published 
an epoch-making paper entitled ('he mine hr Analyse 
durrh Spcrtralbeobacht ungen. With prophetic in- 
sight Bunsen predicted that spectrum analysis 
was destined to discover new elements. This was 
borne out in the case of rubidium and cesium, two 
new elements which he discovered the following 
year in the Durkhcim saline waters. 

In 1853 Bunsen published a general method of 
volumetric analysis, a method so well known to- 
day that few remember its originator, and estab- 
lished standard methods of analysis for silicates, 
ashes, and nitrogen in organic bodies, llis last 
three investigations (1883-1885) dealt w r ith the 
condensation of carbon dioxide on smooth glass 
surfaces and W'itli capillary gas absorption gen- 
erally . In 1887 Bunsen described a vapor calorime- 
ter with which he determined the specific heat of 
platinum, glass, and water. 

El (iK\E Mt KI.LUK 


BURTON, WILLIAM MERIAM (1865-19—) 

Famous as the inventor of the first commercial 
process for cracking heavy petroleum oils into 
gasoline, Hurl ... was the son of a Cleveland phy- 
sician and attended Western Reserve University. 
There his inteiesi was stimulated by Ira Betnsen's 
textbook on organic chemistry. He decided to do 
graduate wor.v under Uemsen at Johns Hopkins, 
and to become a teacher. 

While he was at Johns Hopkins, nil uncle sent 
him a sample of “sour” petroleum from the Lima, 
Ohio, field Burton experiment od with this ma- 
terial and found that much of the objectionable 
sulfur could lie removed with copper oxide. lie 
applied for a patent, but learned that the process 
bad already been patented by Herman Frasch. 
This work turned his interests definitely toward 
industry. Upon receding his lMi.D. degree, in 
-89, he was offered a job hy the Standard Oil 
Company. Somewhat against the advice of Rem- 
sen, who considered an industrial career contrary 
to the learned tradition, he accepted. After a short 
period in Cleveland working with Frasch, he won 
sent to Standard of Indiana’s new refinery nt 
Whiting, Indiana. There he converted the second 
floor of an old farmhouse into one of the industry's 
tirst laboratories. 

B.v 1909 he had become general manager of 
manufacturing. Automobiles were increasing rap- 
idly in number, and Burton saw that it would be 
highly desirable to get more gasoline from each 
barrel of crude. Only about 20% could be obtained 
by simple distillation. Of particular interest as a 
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possible raw material was “gas oil/ 1 tho fraction 
heavier than kerosene hut lighter than lube oil. 

It had no major use. 

Under the guiduuce of Dr. Hurt on and the 
specific direction of Dr. Hubert K. Humphreys, 
the research staff tried to break up the large gas 
oil and other molecules by various methods of 
heating. They finally resorted to pressure to hold 
the gas oil as a liquid in the still until cracking 
temperatures were reached. Little was known 
about hydrocarbon behavior under such condi- 
tions, and there was some fear of detonation. 
There was also trouble with coke, which deposited 
on the bottom of the still as cracking progressed. 
At a temperature of about 720°F and a pressure 
of 75 psi, it was found possible to obtain consider- 
able yields of gasoline. The coke problem was 
greatly reduced through the use of false bottom 
plates, devised by Dr. Humphreys. The parent 
Standard Oil Company considered the process too 
dangerous, and refused Burton’s request for funds 
to build commercial units. Standard of Indiana 
liecanic independent in 1011, however, and Burton 
became a director of the company Jle persuaded 
the board to install 120 cracking stills. The process 
proved highly successful. Its effects, both direct 
and indirect, were far-reaching By doubling the* 
yield of gasoline obtainable from etude, it con- 
served petroleum reserve**; at the same time it 
insured the future of the gasoline automobile. 
Patents covering the process were Inter appraised 
as among the most valuable ever issued. The 
company licensed them widely, and thus s(*t the 
example for a general oil industry practice of 
licensing patented developments on reasonable 
terms. 

The success of Burton's efforts stimulated other 
research. In addition, the required hegt and pres- 
sure created many technical problems Solution 
of them led to a whole new* science of refinery 
engineering. Because cracked gasoline turned out 
to have better antiknock properties than straight- 
run gasoline, it pointed the way to othci types of 
tailor-made molecules. The by-product gases re- 
sulting from eraeking were rich in olefins. Those 
served as raw materials for a host of chemical 
products* alcohols, glycols, plastics, organic 
acids, synthetic rubber, and synthetic libers. 

Dr. Burton became president of the Standard 
Oil Company in 191K. lie retired in 1927. ILis 
achievements have been recognized by a number 
of scientific awards: the Willard (Sihhs Medal of 
the Chicago Section, American Chemical Society, 
in 1918; the Perkin Medal of the Society of Chem- 
ical Industry, in 1921; and the American Petro- 
leum Institute Cold Medal for Distinguished 
Achievement, in 1947. 

Hob rut J5. Wilson 
Cross -references : Cracking , Gaaoline 


BUTADIENE 

The term 1 butadiene 1 ' is applied to those four- 
carbon straight-chain hydrocarbons containing 
two carbon-carbon double bonds. In 1,2-buta- 
diene these linkages arc between adjacent car- 


bon u toms, as shown by the structural formula 
CHsr^C—CH (Mlg . In the more yommon isomer, 

1 ,8-butadiene they are separated by a single bond, 
(!Hr=CH CH^K'H* . It is thus a conjugated 
diene, which is the basis of its great reactivity 
and tremendous commercial importance in the 
fields of synthetic rubber, plastics, drying oils, 
etc. 

At atmospheric pressure and temperatures, 
1,8 butadiene is a heavy, colorless gas sp.gr. 

1 921, with a characteristic odor. It may be con- 
densed to a liquid, density 0.0501 gram per ml at 
its boiling point of — L15 u (\ Toxicity of the vapors 
is of a relatively low* order. The liquid freezes to a 
crystalline solid at - 164.0 U (\ 

1,8-Butadiene is found in gases resulting from 
high temperature decomposition of hydrocar- 
bons and has been commercially recovered from 
the products of heavy oil cracking. It is also 
formed in cracking of ethane, propane, and bu- 
tane, and of eyclies, particularly eyclohe\ene. 
Catalytic dehydrogenation of butane or butylene 
is an important source, as has been conversion of 
ethyl alcohol. In (lerman.v, acetylene served as 
the primary source of butadiene 

In the United States, manufacture of 1,8 but a 
diene has been most economic by dob\drogcn»tion 
of butane and butylene. Dining Woild War II, in 
1912 48, a huge butadiene industry was built by 
the Federal (iovernment, louuded on these proe 
esses. Approximately 150 .(JIM) short ton- of annual 
capacity was installed based on dcli\ drogenat ion 
of. refinery cracking by product but\lencs over 
alkaline ehioiuie oxide iron oxide catalyst at about 
12(H) 1 F Another K9.1KK) slant tons was based di 
rectly on dehydrogenation of the piimurv natural 
gas hydrocarbon n butane, either in a two stage* 
process in which the first step is dehydrogenation 
to butylenes over a ehromia alumina catalyst at 
1 100-1 150°F, or in a single stage to a mixture of 
butadiene and butylene over a similar catalyst. 

('racking of heavy oils, especially* those rich in 
cyclohexane derivatives, and of the C» , C 4 , and 
(' 4 hydrocarbons results in a gas stream contain- 
ing a high percentage of butadiene in the four- 
carbon fraction. The over all yield is such as to 
make deliberate synthesis by this means uneco- 
nomic, although in wartime a small amount was 
made this way as a quick stopgap during dehy- 
drogenation plant construction. 

Butadiene is manufactured from ethanol, by 
dehydrogenation to acetaldehyde and further re- 
action of more ethanol with the acetaldehyde, in 
a second step catalyzed by silica-tantalum, silica- 
zirconium and similar catalysts: 

(1) CtllaDH-* CHA'llO + H 2 

(2) C: ? lId)H+CIl,CII() -CII«--CHCH«CH2 + 

2H,(> 

The reaction may also bo accomplished in a 
single step. Orotonaldehydc is an intermediate. 
About 215,000 tons of annual capacity was in- 
stalled in the U. S. wartime program, but due to 
the cost of the alcohol feed stock, was generally 
uneconomic to operate in comparison with tho 
petroleum-based processes. 
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Butadiene may also be produced from acetylene , 
by hydration to acetaldehyde, which then goes 
through the intermediates aldol and 1,3 butylene 
glycol in order, or by condensation with formalde- 
hyde to hutyuc-2-diol-1 , l(CH ? OIIC (VI I,, OH) 
which is then reduced and dehydrated. Butadiene 
production in Germany is founded on this reac 
t ion. 

Isolation aud purification of butadiene from the 
dilute mixtures in which it is produced in cracking 
and dehydrogenation processes is difficult because 
of the close boiling points of the four carbon hy 
drocarbons, and azeotrope formation. Kxlractive 
distillation and solvent extraction are extensively 
used. Furfural is extensively used as the solvent 
in commercial plants. Water and dimethyl forma- 
mide are also very selective. Much of the com 
mercial production employs the reaction of but a 
diene with cuprous ammonium acetate solution, 
in which a solid addition complex is found. But a 
diene is regenerated by decomposing the complex 
by gentle heating Butadiene may also be sepa- 
rated bv formation of a crystalline sulfone with 
sulfur dioxide. The butadiene produced in the 
l ulled States is 98.0% or better purity Acetylene 
and heavier hydrot aibon contents are both kept 
below 0.1% and only a few parts per million of 
peroxides and carboml compounds an* present 

The importance of butadiene is due to its great 
reactivity as a conjugated diene The uiisnt lira led 
linkages add halogens, water, hydrogen, o/one, 
etc., may be oxidized to gl\coN, acids, etc , in 
normal manner with either one or both of the 
double bonds reacting Aromatics may be alkyl 
aled, as in the production of butenyl benzene 
fiom ben/ene. Butadiene undergoes the typical 
1,1 addition reactions of conjugated dienes, in 
which the remaining double bond shifts to the 
central position: 

CH,=C1I rn=(il f- Br* — > 

C|U<iCII*=CIV ClMir 

I , I dibroino 2 butene 

It also undergoes the diene condensation, or 
Diols-Alder reaction, in which 1,1-addition takes 
place on an activated double bond. The double 
bond in maleic anhydride is activated by the two 
adjacent carbonyl groups. Condensation with a 
tiide variety of unsaturated aldehydes, nitriles, 
etc., occurs. A similar condensation with another 
molecule of butadiene produces (lie dimer 4 vinyl - 
1 cyclohexene. 

Along with isomeric dimers it forms in butadiene 
in storage*, quite rapidly' above 40°C. Butadiene 
owes its greatest importance to its ability to 
polymerize readily under the influence of various 
catalytic systems and to copolymerizc with a wide 
variety* of compounds containing a vinyl group. 
Bulk or mass polymerizations are c i fried out with 
sodium, sodium alkyl -sodium alkoxide combina- 
tions (Alfin catalysts) and ionic materials such 


as boron triiluoride, hydrogen lluoride, aluminum 
chloride, etc. Free radical generating systems, 
such as peroxides, persulfates, and “redox” cata- 
lysts generally are employed with the butadiene 
emulsified. A wide variety of polymers may be 
produced varying from short linear chains to 
highly branched, cross linked and cyclizcd ma- 
terials. Low molecular weight polymers are vis- 
cous liquids; rubbery, soluble solid polymers are 
most commonly made; highly cross linked types 
are resinous, insoluble, and are often of the self- 
propagating or “popcorn” type. 

The principal uses of butadiene are in polymers. 
Substantially all the government production has 
been used to make GR-S synthetic rubber, a 
75/25 copolymer with styrene produced in an 
aqueous emulsion at either 122 or 41 F (“Cold 
Rubber”). A soap is used as the emulsify iug agent 
and potassium persulfate as the initiating agent. 
Most of the polymer is coagulated to a crumb 
by addition of salt and acid, but some is used in 
the form of la *\, foam rubber, elastic-coaled 
thread, etc. Oil resistant copolymers are made 
with anylonit rile, and other special copolymers 
tailor-made for definite uses are produced in 
small amounts. Butadiene styrene copolymers of 
high styrene content are produced privately for 
use in rubber 1»um* emulsion or “latex” paints 
and for shoe sole compositions. Liquid butadiene 
polymers are finding increasing use as drying 
oils, in baked met.il enamels and upgrading of 
vegetable drying oils. 

Butadiene is used as the* basis for one process 
lor nylon manufacture. It is chlorinated to the 
1 ,4 diehlorobutene, reacted cataly tieally with 
hydrogen cyanide and liy drogenated to adipo- 
nitrile. By further hydrogenation hexamethy lene 
diamine, one of *L * components of the polyamide 
fiber is produced; .u. 1 adipic acid, the other com- 
ponent may also I *.* produced by hydrolysis if 
desired. 

Certain diene condensates are finding specialty 
uses. Tet rahydrobenznldehyde is produced when 
acrolein is used and finds use as an anti enzymic 
in toothpaste. A hiniolccular condensate with 
furfural is used as an insect repellent. Other prod 
uets available from butadiene include the monox- 
ide, CIl. -C11-1TI CIL; crythriful, CI1,- 
\ ' 

\ 

O 

OHClIOHClIOHCHjOil • pentene nitrile, 
('If.— CH CH CH 3 ; end the hydrogenated 

i 

t'N 

sulfone, or “Sulfolan.” 

In 1953, butadiene produced for government, 
account, primarily for GU-S, was 1,051,468,000 
pounds. Production for private account was 
1(X),720,000 pounds additional. 

J. C. llll.LYER 

Cross-references: Dienes , Diels-Alder Reaction , 
Polymerization 
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CADMIUM AND COMPOUNDS 

The clement ('.‘illinium was lirst discovered by 
Strohnieycr in 1817. It is a relatively rare element ; 
its abundance in the lithosphere is estimated in 
the order of 0.5 gram per ton of the earth’s crust . 
Cadmium minerals are rarely found alone; they 
are usually associated with zinc mineral". 

Cadmium is in Croup II, Period \ of the Peri- 
odic Table. It has eight, isotopes ranging from 100 
to 116 in mass. Other physical constants are pre 
sented below: 

Atomic number 
Atomic weight 
Color 

Crystal structure 
Hardness (Mohs) 

Ductility 
Density (g/cc) 

20°C (0K°F) (s) 

330°C (620* F) (1) 

Mi tling point 
Boiling point 
Specific beat (g-cal/g) 

25°C (77°F) (s) 

Electrochemical equivalent 
Cd M (mg/coulomb) 

Electrode potential Cd +> 

(lit = 0.0 volt)* 

* National Bureau of Standards nomenclature. 

The major sources of cadmium are from zinc 
ores in various parts of the globe. The more im- 
portant deposits are in Australia, Tasmania, Bel- 
gian Congo, Canada, Mexico, Peru, Southwest 
Africa, Western United States, and the Tri -State 
District (Missouri-Oklahoma-Kansns ) . 

Mexico is probably the largest, primary source 
of cadmium-bearing ores on the basis of quantities 
mined. It should be emphasized that practically 
all the cadmium obtained is as a by-product of 
zinc recovery and the supply of cadmium is de- 
pendent oil the amount of zinc which is extracted; 
however, not all zinc ores contain cadmium. 

The present, world production of cadmium is in 
the order of 15 million pounds, of which a large 
proportion is recovered in the United States. At 
the present time, cadmium is quoted at $1.70 ]>cr 
pound. Most cadmium is recovered from primary 
sources. Only small amounts arc recovered from 
secondary metals. 

A large proportion of the cadmium is recovered 
from zinc sulfide ores. These ores are roasted to 
crude oxide, mixed with coal or coke and sodium 
or zinc chloride and passed over a sintering ma- 
chine. Combustion of the coal provides the neces- 
sary temperature in the sintering bed to allow 


reaction of (he chlorides with cadmium, lead, and 
some other impurities; these impurities are vola- 
tilized and collected, usually in an electrostatic 
precipitator. These chlorides are then reacted with 
sulfuric acid, solubilizing the cadmium. The cad- 
mium is then removed from solution by careful 
selective precipitation with zinc dust; the cad- 
mium sponge from this operation is then com- 
pressed (to prevent excessive oxidation) and 
distilled. This crude cadmium is then redistilled 
and sometimes chemically purified. It is then east 
into slabs or special shapes. 

Complex ores containing cadmium (almost, in- 
variably associated with zinc) require special 
treatment but, use the same general principles. 
Another source of cadmium is in the purification 
of zinc sulfate liquor for electrolytic recovery of 
zinc, l’rior to the electrolysis of the zinc sulfate 
solution, cadmium is removed by selective pre- 
cipitation with zinc dust and the cadmium is then 
purified as previously described. In some eases the 
final step in recovering cadmium is ellected by 
electrolysis of a cadmium suit ate solution. 

Cadmium is almost al\\a\s divalent. It slowly 
oxidizes in moist air at room tepipe rat lire. At, 
higher temperatures, the oxidation is more rapid. 
Cadmium reacts with tin* halogens to form the 
corresponding halides, chlorine being the most 
reactive. Cadmium is soluble in most acids but, 
unlike zinc, is not soluble in alkalies. It has good 
corrosion resistance except in acid environment. 
It is this resistance which makes cadmium coat- 
ings so effective in ret aiding corrosion. 

Ihe fumes of cadmium and its compounds, as 
w r el as solutions of its compounds, are poisonous. 
The toxicity of cadmium lias not been fully appre 
ciated and unwitting exposure to cadmium fumes 
is probably responsible for many cases of poison- 
ing. Adequate precautions, such as the use of good 
respirators in the presence of cadmium fumes, will 
prevent the vast majority of poisonings. It can not 
be too strongly emphasized that cadmium hus 
highly lethal potentialities. 

The major use of cadmium is for plating articles 
to give a protective coating (mainly for iron and 
steel ) ; most of this coating is done by elect rodepo- 
sifion. Practically all commercial plating iH done 
from cyanide baths which are essentially a solu- 
tion of cadmium oxide and sodium cyanide in 
water. Cadmium coatings have good resistance to 
atmospheric and galvanic corrosion and to alka- 
lies, but their resistance to ucid attack is poor. 

A wide variety of both small and largo parts for 
many uses are cadmium plated for such protec- 
tion. However, cadmium is almost never used in 
equipment or in containers for food or drinks, in 
view of its toxicity. 


48 

112.11 

Silver-white 
Hexagonal pyramids 
2.0 

Considerable 

8.65 

8.01 

321 °C (609. S 'F) 
767 J C (U12.6°F) 

0.055 

0.582 

—0.40 volt 
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CALCINATION 


Cadmium alloys with a large number of other 
metals. This property is responsible for another 
use of cadmium although smaller (plant it ies are 
used than for electroplating. Cadmium alloys are 
used for high temperature, high-speed bearing 
metals. Other alloys are used for high-temperature 
solders, and still another series of alloys is used 
for low temperature applications. 

Cadmium is one of the more efficient absorbers 
or rapt lire rs of neutrons and, as such, finds utility 
in atomic work. It is used in the control of nuclear 
reactions and can also be used as a shield to pre 
vent escape of the neutrons. The isotope Cd 113 is 
especially effective for such purposes. 

A small but important scientific use of cadmium 
is in the Weston standard cell, which is the work- 
ing standard for the United States in maintaining 
the value of the volt. Another electrolytic couple 
is the nickel -cadmium storage battery in which 
the negative is cadmium and the positive is nickel 
oxide, the electrolyte being an aqueous solution of 
potassium and lithium hydroxides. 

The most important cadmium compound is cad- 
mium sulfide, usually prepared by precipitation of 
cadmium in solution with the sulfide radical. 
Cadmium sulfide u'lmlliutit yellow and is used 
as a pigment. Colors varying from yellow to a 
brilliant red can be secured by replacing an in- 
creasing proportion of the sulfide radical by 
selenium Still another cadmium pigment is cud 
mium lithnponc, prepared by eo precipitation of 
barium sulfide and cadmium sulfate; proper pro- 
portions of these two materials give pigments from 
light yellow to deep red. The cadmium pigments 
range 1 in price from about 50 cents to SI. 50 per 
pound. 

Cadmium sulfate and its hydrates are made by 
reaction of the metal or oxide with sulfuric acid. 
It is used in medicine, for fluorescent screens, and 
as an electrolyte in the Weston standard cell. 

Cadmium oxide is commercially prepared by 
oxidizing cadmium vapor with air. Its major use is 
as an ingredient of electroplating baths and in 
the manufacture of pigments. 

John It. T\I i mjkwk 


CALCINATION 

The process of calcination, in its broadest usage, 
is the heat treatment of a solid material to bring 
upon a stage of thermal decomposition or phase 
transition other than melting. In its original 
connotation the term implied a thermal dissocia- 
tion process involving the separation of volatile 
from nonvolatile components, the term being de- 
rived from the alchemist method by wdiich limo 
(calx) was obtained from limestone by ignition. 
In modern industrial usage calcination processes 
have subsequently come to include the following 
types of reactions: 

(1) Thermal dissociation reactions such as the 
decomposition of oxy -salts and hydrates ; pyrolysis 
and destructive distillation of organic compounds. 
Examples: the concentration of alumina by ig- 
nition of bauxite (aluminum hydroxides) ores to 
•ca. 1100°C; the decomposition of the carbonate 


or hydroxide of calcium to yield lime, carbon 
dioxide, and water on heuting above 545°C and 
K90°(\ respectively; coking and coal gas recovery 
from bituminous coals heated over the range 500 
to 1200°(). 

(2) Thermal polymorphic phase transitions. 
Examples: the conversion of pigment grade ana- 
tase to the rutile form of titanium dioxide above 
ea. 700°C; the alpha-beta quartz transition at 
573 T\ the consequent volume changes aiding in 
the process of disintegrating sandstone and 
quartzite type rocks. 

t3) Thermal rcerystallization. Examples: the 
crystallization of mullitc for refractory use from 
coprecipitated alumina-silica gels heated to above 
1 1IK)°C i ; the conversion of activated (amorphous) 
magnesia to perielase above 1650°C; devitrifica- 
tion of glass. 

('nlcinution is often the initial benefication 
treatment in the processing of many metallic and 
nomnetallic ores. The treatment will frequently 
serve for both . preliminary chemical concentra- 
tion through loss of volatiles and, as a result of 
accompanying volume changes, for producing a 
friable physical structure. The calcination reac- 
tion is also frequently ummI to activate a material 
for a simultaneous reaction with admixed solids 
as in the manufacture of port land cement and 
calcium carbide. The attainment of a highly re- 
active material in controlled calcination is the 
basis of numerous solid state syntheses of high 
melting point eeramie-type materials from oxy- 
snlt starting materials ami the oxides silica, 
alumina, and titania, among others of commercial 
interest. A preliminary calcination is often used 
in the ceramic and allied industries to reduce 
excessive firing shrinkage and resultant w’arpage 
and breakage of ware. In numerous metallurgical 
applications, hci« logeneous phase reactions in- 
volving interaction with the furnace atmosphere 
are carried out simultaneously with the calcina- 
tion of the oi« Processes resulting in oxidation 
are known as roasting. Reduction reactions re- 
sulting in the separation of a metal phase are 
classified as smelting. 

For the most part the* temperatures employed 
and the degree of calcination of commercial ma- 
terials arc dependent upon the type of product 
desired as well as upon the nature of the raw ma- 
terial. Can- tic magnesite for use as a rubber 
accelerator is the product of calcination of the 
carbonate between 700 and UXK) W (\ The product 
i v ^ tins from 2 to 5% residual carbon dioxide. 
Dead -burned magnesite for use as a basic re- 
fractory is a sintered, inert product obtained by 
small additions of iron oxide to the crude car- 
bonate beat treated over the range 1450 to 1700°C. 
The product contains less than 0.5% residual C() 2 . 

The industrial technology of modern lime and 
magnesia calcination processing is impressive. 
The size of the most commonly used rotary type 
kilns have reached up to 12 feet in diameter and 
up to 500 feet in length. Production rates in the 
lime industry have attained in excess of 250 tons 
of lime per dav operating at Icmperaturos from 
1100 to 1350°(\ The kilns are usually oil- or gas- 
fired, increased thermal efficiencies being obtained 
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by passing the exhaust gases over the feed intake 
bed. Calcination rates and type of product are 
closely controlled by selection of raw materials, 
adjustments in temperature, air draft, load, rate 
of rotation and the inclination of the kiln. 

S. S. Kusciikn 

Cross -references : Calri u hi 


CALCIUM AND COMPOUNDS 

Calcium is a white, silvery alkaline -earth 
rnetal, in Croup II of Periodic Table, with atomic 
number 20 and atomic weight 10. it tarnishes in 
air with the formation of thin bluish graj films of 
oxide. Those films are tight, adherent and protec- 
tive. Commercial electrolytic calcium in the form 
of a slab 2 in. thick, exposed to the atmosphere 
under average conditions, corroded to a depth of 
*4 in. in six months’ time. Calcium may come into 
contact with the skin without danger, and can 
be machined, cut, extruded or drawn. It is com- 
mercially available as the direct product from the 
electrie furnace, as a remelted material, or as a 
sublimed material. 

Calcium is made by the elect roh ms of fused 
calcium chloride, or by thermal processes under 
high vacuum from lime reduced with aluminum. 
The Downs cell for the electrolysis of fused salt 
produces a sodium metal containing calcium. The 
rah unn crystallizes out of solution and is filtered 
from the liquid sodium. This is a thin! commercial 
source of calcium metal and calcium-sodium ma- 
terial. 

Calcium metal is employed as an alloying agent 
for aluminum, beuring metals of the load calcium 
or lead-barium-calcium type; as a reducing agent 
for beryllium; as an alloying agent and a deoxi- 
dizer for copper; an alloying agent for the produc- 
tion of the age hardening lead alloys for cable 
sheaths, battery plates, and related uses; a modi- 
fying agent for magnesium and aluminum; a 
debismuthizer for lead; a controller for graphitic 
carbon in cast iron; a carhurizer and desulfurizer, 
as well as a deoxidizer for numerous alloys such 
as chromium-nickel, copper, iron, iron nickel, 
nickel, nickel-cobalt, nickel chromium iron, 
nickel bronzes, steel and tin bronzes; an evacuat 
ing agent; a reducing agent in the preparation of 
chromium inetal powder, thorium, uranium, and 
zirconium; and a separator for argon from nitro- 
gen. Typieal of these applications is the addition 
of 0.25% calcium to magnesium alloys to refine 
the grain structure, reduce the tendency to take 
fire, and to modify the strengthening heat treat- 
ments. 

Calcium oxide is commonly prepared by burning 
the carbonate in large vertical shaft kilns at tem- 
peratures below 1200°C. It is a white solid, often 
called quicklime. It slakes or reacts with water 
to form the hydroxide [Ca(OH)*], a common con- 
stituent of mortars and plasters, and an industrial 
alkali and neutralizer for acids. 

Limestone is calcium carbonate in an indistinctly 
crystalline and massive form. It is found through- 


out the United States, but extensive deposits 
exist in Indiana. All varieties of calcium carbonate 
arc almost insoluble in pure water but dissolve 
appreciably in the presence of carbon dioxide be 
cause of the formation of calcium hydrogen ear 
bonate (bicarbonate) : 

CftCOj + 11.0 f CO,.- v (V 4 + 2ILCO," 

It is by this reaction that limestone is dissolved, 
often resulting in the formation of caves. Natural 
waters containing CaCOi are called hart! waters 
or limestone waters. The action is reversible; and 
in many regions the underground waters, carrying 
large quantities of the carbonate, lose carbon 
dioxide on exposure in caves and deposit lime- 
stone. Travertine, used as a building stone, is a 
white concretionary calcium carbonate deposited 
by some springs when the pressure on the water 
is suddenly released, permitting the rapid esrupe 
of carbon dioxide 

Calcium fluoride , as the mineral fluorite or 
fluorspar, is the commercial raw mateiial for li\ 
droiluoric acid and fluorinatcd organic compounds 
such as the “Frcons.” 

Calcium chloridt occurs in nnlure as tachhvdrite 
|(\ , i( 1 b-2MgCI>-l'JH.O|, and in Mime other min 
orals and also to the extent of about 0 l.V*J hi sea, 
water. A considerable amount e removed from 
salt brines. It is a byproduct of tin* Hnlvn\ soda 
and other indiistiial processes l pun evaporation 
of its aqueous solution the hexalixdi ite ICaCl ■ 
61M)1 i< obtained, ami b\ paitial dch\ drat ion it 
is converted into a porous mass which is used for 
drying gases and liquids Calcium chhuidc is ver\ 
soluble in water; foi this reason it gives with ice 
an excellent freezing mixture. With the hexali\ - 
(Irate and crushed ice a temperature as low as 
— 50°C can be reached. A solution of the salt is 
used as a refrigerating brine in cold storage plants 
and in the manufacture of ice. Because of its 
deliquescent property it is sprinkled on roads to 
lav the dust and (in solution) in mines to decrease 
the danger of explosion from dust. 

Anhydrous calcium sulfafc occurs in nature as 
Ihc mineral nnhvdrite. crystallized in rhombic 
prisms. The dihvdrate, or gypsum |('siS()|' 2IL()| 
is, however, more common and plentiful. Three 
general groups of gypsum products uncalcined, 
calcined building, and calcined industrial are 
sold. Uuealcined gypsum is used as a port land 
cement retarder to prevent too rapid hardening, 
and as a soil corrector in agriculture. Calcined 
gypsum is employed in making tile, wallbourd, 
lath, and various kinds of plasters. When gypsum 
is heated to about 125°C it loses three fourths of 
its water of hydration and forms the hemihydrate 
( 2 CaSOrH 20 ) or plaster of Paris. The resulting 
product is ground to a fine white powder. When 
this is mixed with water it forms a plastic mass 
which quickly sets to a coherent white solid con- 
sisting o f small tangled crystals of more highly 
hydrated calcium sulfate. 

Calcium metaphanphate is widely used as a mild 
abrasive and neutralizer in tooth pastes. 

Charles L. Mantell 
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CALORIMETRY 

Calorimetry is the science of measuring the 
quantity of heat absorbed or evolved by matter 
when it undergoes a change in its chemical or 
physical state. The apparatus in which the meas- 
urement is performed is a calorimeter, and the 
experimenter is frequently referred lo as a calori 
met rist . 

When matter is involved in a chemical or physi- 
cal process, its total energy content is usually 
altered. The difference in energy between its 
initial and final states. A#, must be transferred to, 
or from, the environment of the system. This 
energy exchange between the system and it* en 
vironment is in the form of heat or work or both. 
In calorimetry, the energy exchanged as heat is 
quantitatively evaluated. The heat absorbed by 
the system, 7, is related to the work done bv the 
system 011 its environment. u>, and the increase in 
internal (total) energy of the system, AA\ by the 
thermodynamic relat ionship 

7 — SK 4- a Kq. ( 1 ) 

When calorimetric measurement- are performed 
at constant p-*. .'{*»• ••nd only pressure volume 
work is involved, 7 is equal to the increa-e in heat 
content or enthalpy, A// Most calorimetric mens 
urements are performed under these conditions, 
but when other conditions are imposed, appropri 
ate consideration must be made* 111 the thermo- 
dynamic treatment o! the data. 

The process -elected foi calorimetric studv may 
be a simple change in the physical state of matter, 
such as a change in tempeiature of the material, 
or it may consist of a series of complex chemical 
reactions such as are encountered in the combus- 
tion of many fuels In fact, nearly any process 
involving a chemical or physical change in matter 
might well become a necessary subject for calori 
metric investigation. 

Calorimetric determinations of energy changes 
are essential in many theoretical and practical 
problems. Heat capacity or specific heat data are 
vital to the design of heat exchange equipment. 
The Ihermal properties of steam and certain 
metals are a major consideration in the design of 
modern boilers and turbines. The heats of com- 
bustion of fuels are essential in rocket, engine and 
gas turbine design. The heat liberated by chemical 
reactions must bo considered in the development 
•of chemical process equipment. Often the required 
equilibrium constant of a process is most con- 
veniently obtained by a simple calculation from 
the free energy change, AF. For a great many 
processes, numerical values of AF can be obtained 
f r om the change in heat content, A//, and the 
entropies of the participating substances, »S, using 
the thermodynamic relationship 

A F = A// ~ V\S Kq. (2) 

where T is the absolute temperature. The entro- 
pies of the individual substances can generally be 
evaluated from heat capacity measurements that 
extend to very low temperatures. 

The design and constructional details of calo- 


rimeters vary widely because of the diversified 
nature of the* processes suitable for calorimetric 
study. However, the basic principles are general 
and their consideration constitutes a common 
requirement in practically all designs. Suitable 
devices ami procedures for three essential meas- 
urements are usually required, but one or two 
ran sometimes be omitted by operating under 
certain restrictions. The measurements are: (1) 
the temperature of the calorimeter and its eon-' 
tents. (2) the quantity of energy that is added to 
the calorimeter from an external source, and (3) 
the quantify of heat that is exchanged between 
the calorimeter and its environment. 

Most calorimct rie operations involve a tempera- 
ture change, since the heat liberated (or absorbed) 
during the process is stored in the calorimeter and 
its contents by virtue of their combined heat 
capacity. Thermocouples, thermopiles and re- 
sistance thermometer- are common! \ used for 
temperature measurement-. The quantity of en- 
ergy liberate 1 or absorbed in a ealorimet rie proc- 
e-s is evaluated in terms of electrical energy. 
This is done by throe similar methods. (1) In an 
exothermic proee-s where heat is liberated, the 
calorimeter E cooler! to the original temperature; 
the temperature ri-o is then duplicated using an 
electrical resistance heater (2) The heat absorbed 
in an endothermic process i- supplied by an oleotri 
cal heater at such a rale as to keep the tempera- 
ture constant. (3) In heat capacity measurements, 
the electrical energy is supplied directly by a 
heater. Elect rieal energy and temperature can be 
measured very accurately by modern methods, 
but, the problem of heat transfer between the 
calorimeter and its environment is more difficult. 
The ininimi7atinn of. and accurate correction for. 
heat cxchang * i- the major problem to be reckoned 
with in modi*? n ealorimet rv. 

When twondjM'cnt bodies (such as a calorimeter 
an«l its environment) are not at exactly the same 
temperatim , heat is transferred from the warmer 
<0 the cooler body. In calorimetry the transfer is 
made by three major processes: (1) ga-oous con- 
vection, (2) conduct ion, and (3) radiation. C»ase- 
011s convection can lie completely avoided by 
evacuating the space between the calorimeter 
vessel ami its environment. When evacuation is 
impractical, convection can be minimized by suit- 
able geometrical considerations in the design of 
the calorimeter. It is very important to avoid or 
at least minimize convection, since the heat 
transported is a complex function of the tempera- 
ture difference and an accurate evaluation is im- 
possible. Conduction by air or other gases is also 
usually minimized by evacuating as much as possi - 
blc of the space between the calorimeter proper 
and its environment. Conduction in solid ma- 
terials, used for supporting the calorimeter and 
for electrical leads, is minimized by proper choice 
of materials and geometrical design. For small 
temperature differences, radiation is usually not. 
a serious problem at low temperatures but is a 
major contributor to heat exchange at elevated 
temperatures Heat exchange by radiation can be 
limited to a few per cent of the blackhody (maxi- 
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mum) values by the use of suitable reflecting sur- 
faces on the outside of the calorimeter and on the 
adjacent environment . in the absence of convec- 
tion and for small temperature differences, the 
heat transferred, Q, is essentially proportional to 
the temperature difference, AT, and time, f, in 
accordance with Newton’s law of cooling. 

Q = klTt Eq. (3) 

It is apparent that anything that can be done in 
calorimeter design and operation to minimize the 
terms on the right hand side of Equation 3 will 
aid in decreasing the quantity of heat exchanged 
Adiabatic calorimeters are operated on the prin- 
ciple that there is no heat exchange, and thus no 
correction to evaluate, if the calorimeter and its 
environment are maintained at the same tempera- 
ture. 

In calorimeters containing liquids there is a 
possibility of a fourth mechanism for transporting 
heat. This method involves the transport of mat- 
ter from the calorimeter and its subsequent con- 
densation on the surrounding surfaces. The effect 
can be avoided by keeping the environment 
warmer than the liquid or by completely enclosing 
the liquid. However, even in a completely en- 
closed system the possibility of vaporization into 
the space above the liquid with increasing tem- 
perature must be considered for volatile liquids. 

Ther» are many different varieties of calorim- 
eters, each being particularly suited for a specific 
type of measurement. Some general features of 
several representative types are discussed below. 

Low-tempcratu~e calorimetry has become an 
important source of heat -capacity data for the 
evaluation of entropies of substances from meas- 
urements extending from near the absolute zero 
to room temperature or slightly above. The calo- 
rimetric vessel consists of a vacuum-tight metal 
container in good thermal contact with an electri- 
cal resistance heater and a thermocouple, or re- 
sistance thermometer. The sample under study is 
sealed in the container along with a small amount 
of gaseous helium. The helium aids in attaining 
thermal equilibrium at low temperatures because 
of its high thermal conductivity. The calorimetric 
vessel is suspended in an evacuated chamber by 
some material, such as strong thread, having low 
thermal conductivity. This chamber is often 
within a massive copper block w'hich provides a 
uniform and stable thermal environment. The 
temperature of the protective block is kept at a 
temperature near that of the calorimetric vessel. 
The heat exchanged is evaluated by observing the 
temperature difference, AT, as a function of time 
and applying Equation 3 in an integrated form. 
The constant, k, is evaluated by observing the 
change in temperature of the calorimeter vessel 
and its contents under equilibrium conditions. 
During this rating period the temperature change 
is due entirely to heat exchanged with the environ- 
ment. Some calorimetrists use the adiabatic prin- 
ciple and maintain the temperature of a protec- 
tive shield as near as possible to that of the 
calorimeter. This procedure results in the elimi- 
nation of heat exchange corrections but is not en- 


tirely free from object ions. Although low temper- 
ature calorimeters arc used chiefly for heat 
capacity determinations, heats of transition, 
heats of fusion, and heats of vaporization are also 
measured. 

The dropping method is the most common of 
the accurate high temperature procedures for 
measuring heat contents. This apparatus consists 
of a candidly regulated furnace and a suitable 
calorimeter, such as a Bunsen ice calorimeter, 
operating near room temperature. The sample 
under investigation is sealed inside of a container 
that will not undergo chemical reaction at the 
highest temperature of the measurements. The 
sample and container are thermally equilibrated 
with the furnace and then dropped into the calo- 
rimeter. The empt> container is studied m an 
identical manner and the difference in the two 
measurements gives t lie heat content of the sample 
relative to the room temperature reference Heat 
capacities are derived from a series of such meas- 
urements as a function of temperature and the 
thermodx namic relationship* 
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where Cp is the heat capacity at constant pressure, 
H the heat content, Hu the heat content at the 
reference temperature, and T the absolute teni 
pe rat ure 

The llunsen ice calorimeter is an example of an 
isothermal calorimeter that is operated at a fixed 
temperature. The calorimeter is usuall\ sur- 
rounded by iee, making it also adiabatic and thus 
free from heat exchange. Bunsen’s design makes 
use* of the ven large difference between tile spe- 
ific volume of ice and waiter. The calorimeter con- 
tains a closed chamber which is full of ice and 
water. A pool of mercury is maintained in the bot- 
tom of the chamber and as the ice melts, additional 
mercury enters and keeps the chamber full. The 
calorimeter lias a universal calibration in the form 
of energy per unit mass of mercury. In early ver- 
sions, the quantity of iee melted was used as a 
measure of the heat liberated in the calorimeter. 
By replacing the ice with other suitable substances 
the restriction of operating at one fixed tempera- 
ture can be removed. 

Quantitative measurements of the lieat liber- 
ated (or absorbed) during the solution of a solid 
or of another liquid by a solvent ate performed 
in solution calorimeters. Heats of solution, dilu- 
tion and mixing are common determinations of 
this type. In addition to participating in the proc- 
ess under investigation, the solvent is used as a 
means of attaining uniform temperature and 
composition throughout the calorimeter. This fea- 
ture necessitates stirring, which is usually ac- 
complished with mechanically or magnetically 
driven stirrers. Sometimes, however, the calo- 
rimeter itself is rotated. Regardless of the method 
used, the quantity of heat introduced by the 
stirring must be determined eit her directly or in- 
directly and a suitable correction must be applied. 
Another feature characteristic of solution calorim- 
eters is the method of adding the sample. It must 
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either be equilibrated with the solvent in the 
calorimeter or its heat content relative to the 
calorimeter temperature must be’ determined. A 
common method for solids is immersing a capsule 
containing the sample iii the solvent and breaking 
it at the desired time. 

The heat of combustion of fuels and similar ma- 
terials is usually measured by bom!) calorimetry. 
The solid or liquid sample is contained in a bomb 
(pressure vessel) containing excess oxygen, or 
other suitable gas under pressure. The bomb is 
immersed in a calorimeter containing a liquid, 
usually water. The reaction is initiated by ignit- 
ing the sample with a measured amount of elec- 
trical energy, and the heat evolved is measured in 
terms of the temperature rise of the calorimeter. 
Electrical energy is usually used to duplicate the 
temperature rise and thus evaluate the heat liber- 
ated. However, sometimes a standard sample of a 
substance having a known heat of combustion, 
such as benzoic acid, is used to calibrate the ap- 
paratus. In bond) calorimetry corrections to 
standard conditions must be applied (Washburn 
corrections) since the system is under pressure 
and because solutions are usually formed 

There are imtu> in he** important types of calo- 
rimeters, such as flow calorimeters, microcalo- 
rimeters, flame calorimeters, etc. Nearly any 
process can be studied by the investigator who 
is ingenious enough to devise tin* appropriate 
apparatus and who has the resources and patience 
to undertake an extensive project. Although 
calorimetric measurements are in general time- 
consuming and tedious, they are essential for a 
fundamental and practical understanding of many 
important chemical and physical processes. 

.1 K. Kuvzler 

C 'ross -reference's : Thermally nnm ies 


CANNIZZARO (1826-1910) 

Cannizzaro based his principles on Avogadro’s 
law that under the same conditions the number 
of molecules is proportional to the volumes of 
gases, that is, equal volumes of gases contain the 
same number of molecules, assuming like con- 
ditions of measurement. As a consequence, the 
densities of gases are proportional to their molecu- 
lar weights. For example, nitrogen gas weighs 
1.25 g/liter at STP and hydrogen 0 09 g/liter. 

•1.25/009 = 14/1. Nitrogen molecules are 14 times 
as heavy as hydrogen molecules. 

Cannizzaro pointed out the distinction between 
atoms and molecules He showed that the prin- 
ciple of Dulong and Petit (atomic weight X spe- 
r’fic heat * 6.4) is a useful method of finding 
atomic weights He also understood that if several 
compounds of two elements contain a fixed amount 
of one element, then the smallest proport ional 
weight of the other element is its atomic weight. 
In other words, if several compounds contain two 
elements, and the atomic weight of one of them is 
known and taken as a reference quantity, then 
the smallest combining weight of the other element 
is its atomic weight. 

The work of Cannizzaro in clarifying atomic 


weights led directly to the classification of the 
elements by Mendeleeff (1834-1907) and the dis- 
covery of the periodic luw. 

Cannizzaro was also an organic chemist of con- 
siderable reputation. He published over eighty 
papers, and 56 of them are in the field of organic 
chemistry. Probably his most notable discovery 
is that of the reaction that bears his name — the 
simultaneous self-oxidation-reduction of an alde- 
hyde in the presence of concentrated alkali. 
Cannizzaro’s reaction iB well known for benzalde- 
hyde and other aldehydes that have no hydrogen 
on the alpha carbon atom (the carbon atom next 
to the aldehyde group). For example: 

2C,H 5 CIIO + KOH 
benzaldehyde 

C*H 6 COOK + CsIIftCIIOH 
potassium salt of benzyl alcohol 
benzoic, arid 

Cannizzaro w*as elected to tho Royal Society 
(London) in 1862 at age 36, and was awarded the 
f Copley medal by that body in 1891. His seventieth 
birthday was celebrated appropriately, including 
a letter from the American Chemical Society. 

KiiRkkt C. Wewkb 

Cross-references: Avoyadro. Mendeleeff 
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General Binur\ Compounds of Carbon 

The term “carbide” has a content of popular 
meaning which does not correspond to any natural 
classification. For the purpose of this article the 
term “carbbh*” is defined as a binary compound 
of carbon and any other element. The elements of 
the major poll ion of the Periodic Table form 
carbides according to this definition, Broad as 
this definit* m is, it is probably too confining in 
certain instances Thus the compound cohenito 
(Fe,Ni)jC is isomorphous and closely related to 
cemcntite (FejC) but definitely is not included in 
tho above definition. In other eases the definition 
may seem too broad, as it regards carbon tetra- 
chloride (CCL) or carbon monoxide as carbides. 

Tw'o general factors have central importance for 
the determination of the chemical and physical 
properties of the carbides. The first is the electro- 
negativity ciifferenct between carbon and the ele- 
ment in question, as defined by Pauling. The 
second factor is tho presence or absence of an 
uncompleted electronic “d” or “f M shell; i.e., 
whether the element in question belongs to one 
of the transition series. These two factors form 
tho main basis for the method of classification here 
employed. It emphasizes the basic characteristic 
differences among the carbides ami groups to- 
gether those carbides with common properties. 

Salt -like carbides. Those carbides are charac- 
terized by a large electronegativity difference be- 
tween carbon and the element involved, ranging 
between 4-1.8 to 4-1.0. They react with water to 
form the hydrocarbon corresponding to the chain 
length and to the valence of the carbon assembly 
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within the cry still. Thus we have (he methanidcs 
Be 2 C and A1 4 Cj which react to form pure methane 
according to the reactions: 

Bc-iO 4 4H-0 - 2Be(OII) 2 4 CII 4 T (1) 
A1 4 C, 4 12IM) - 4Al(()H)j 4 3 OIT 4 T (2) 

The acetyl ides are widely representeci in (he 
Periodic Table among the alkali metals ami alka- 
line-earth metals. They have the formulas M-C'* 
and MCa . The reactions of sodium carbide and 
calcium carbide with water occurs violently. 

NmCs 4 211-0 - 2XaOH 4 CJh T (3) 

CaC. 4 2114) - ('a(OII). 4 C,ITo I (1) 

Finally there is the very remarkable compound 
magnesium carbide which on hydrolysis yields 
methyl acetylene according to the reaction * 

Mg.C\ + 111*0 = 2Mg(0TI)., t- Cl l , (WITT (5) 

When acetylene is passed through a solution of 
sodium in liquid ammonia a sodium an acetylide 
is formed according to the reaction: 

Xa 4 3CW a = 2XnIIC. 4 C 2 H, T (0) 

Similar reactions occur for the liquid ammonia 
solutions of potassium and lithium. On heating 
the sodium arid acetylide to 1N0°(\ sodium acety- 
lide is formed: 

2NaHC\ = Xn,C> 4 ('.IT. | (7) 

The «« 1 011 of the electric arc on lilhiutn car 
bonate yields lithium acetylide. With the possible 
exception of sodium, the other alkali metals do 
not form acetylid»*s by the direct reaction with 
carbon even at high temperatures. 

The acetyl ides of the alkaline earth metals are 
in general prepared by the direct action of the 
element on one of its compounds 011 carbon at 
high temperatures in an electric arc or bla*»t fur- 
nace. Specifically carbon and calcium oxide form 
calcium carbide at 1S00°(\ Calcium acid acetylide 
like the corresponding sodium acid acetylide can 
be formed by the action of acetylene on the solu- 
tion of calcium in liquid ammonia. It too will de- 
compose into the dibasic acetylide by heating. 
Magnesium carbide (Mgfb) is obtained as the 
product of the reaction between magnesium and 
ethane at 450 500°C, but the carbide of t.ho formula 
Mg 2 C a is best obtained as the product of the re- 
action between magnesium and |>eiitaiic at 650°C. 

The unstable sail like carbides are represented by 
the three compounds Cu?C* , Ag/?* , and Ilg»0« . 
They too can be regarded as salts of acetylene. 
They are synthesized by the reaction of acetylene 
w’ith aqueous solutions of cuprous, argent 011s, 
and mercurous salts. By hydrolysis the acetylene 
can be again regenerated. These carbides differ 
from tlio other salt-like carbides in that they are 
explosive. For this reason they cannot be prepared 
by the direct action of carbon on the metal. The 
differences may be ascribed to the low' electro- 
negativity difference between carbon and popper 
silver and mercury which is of the order of 0.8. 
The bonds thus have very little ionic character. 
Silver acetylide and cuprous acetylide are used 
commercially as detonators. 


Cross-linked co^ulenl carbides. Carbides 
falling w r ithin this category have electronegativity 
differences of 0.7 to 0.0. They are represented by 
boron carbide B t (\ silicon carbide (SiC), diamond, 
and possibly the carbides of arsenic and phospho- 
rus I*Cj and AsCj . The first three at least are com- 
posed of crystals which are uniformly covalently 
linked together so that every crystal represents a 
single giant molecule in the same sense that the 
word molecule is used in organic chemistry. This 
fact accounts for the tremendous hardness of these 
compounds. Thus B»C has a hardness of 9.5 on 
the Mohs scale of hardness, and KiO, 9.0. O11 the 
same scale sapphire or corundum has a hardness 
of only 9.0. 

Horan carbide reacts rather readily at MM) 1000°C 
with chlorine gas !o form boron trichloride. This 
has made it useful in the past as the starting point 
of total syntheses of boron compounds. Beeently 
elemental boron has become commercially avail 
able for this purpose*. This property of unusual 
hardness makes these compounds very important 
commercial! > as cutting, wear resistant, and 
abrasive material- Boron carbide* can be syn- 
thesized by the interaction of boron oxide, (U (),|) 
anel carbon at 2500 2600 ( \ Silicon eurhtdi is made 
ceiinmerciallv fmm silica anel carbon at tempera 
ture*s of ‘2200 (e> as high as MMM) r C Cnfil iccentlv 
diamonds were* obtained l only as a natinal mineial. 
Very recently vcr\ small diamonds have beam pro 
dticcd H.vnt helical I \ under controlled and repm 
elucible conditions at pressure's of S(M),(KH) psi anel 
advanced temperatures 

Volatile rotalenl carbides. The volatile* ce> 
valent earbieles are closely related 1e> the cross 
Jinked covalent carbides. 

Cyanogni (CjX*), is a colorless poisonous gas. 
The* chemist rv is very* similar to that of the halo 
gens. \t 400 U C it polymerizes to form a solid 
parac van eigen (CX u . This tendency lei peilvmeri 
zation shows the relaliein of cyanogen to the cross 
litikeel covalentlv botivid earbieles. 

Carbon monoxide (sec Curbon Monoxide* art i 
cle). 

Carbon, dioxide (see Carbon Dioxide article). 

Carbon disulfide is a heavy, colorless, flammable, 
poisonous liquid. It reacts with chlorine to form 
carbon tetrachloride in commercial quantities. 
It is feirme'd by the direct tiniem of carbon anel sul- 
fur in the electric furnace. 

Carbon disclcnidc has been prepared b.v the* ac- 
tion of h.vdorgcn sclcnidc em carbon tetrachloride, 
forming carbon eliseleniele anel hvelrochloric acid. 

The evidence feir carbon elitelluride is somcwdiat 
unsat isfaeteirv. The compound is thought le> be 
feinneel wlie*n an are is formed between tellurium 
and graphite elect mele*s under carbon eli.sulfide. 

The carbon tctrulmlieles are characterized by 
chemical inertness udiich can be related tei their 
approximation of Ihe e»le»ctronic configuration of 
the rare* gases. The stability of thesO halides de- 
creases as one passes from CF 4 to CI4 in the Peri- 
odic Table. Carbon Ivtrajluoridc is a colorless inert 
gas. Commercially it is formed in tho preparation 
of aluminum during the electrolysis of cryolite. 
Carbon tetrachloride is a colorless, heavy, inert 
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liquid widely used a* a .solvent and ns a fire 
extinguisher Cuibon U train otnitb and carbon ft Ira 
uni 'tic an» heav\ inert liquids often used as stand 
arils for the icfi active index liieaMirement of high 
refractive* index numerals 

Sluhlc carbides of the transition elements. 
These carbides possess metal atom arrangements 
of either the face centered cubic or hexagonal 
dose-packed type The carbides of the formula 
MC generally possess the former structure and 
those with the forniulu AliC the hitter. In addition 
to these, there are carbides of the formula MC* 
which seem to form only with elements of either 


the lanthanide series (rare earths) or actinide 
series of elements. The MC» carbides have crystal 
structures closeh related to that of calcium car- 
bide in that each occupied interstice contains two 
cat bon atoms 

Th<» stable carbides are characterized by ex- 
ceedingly high melting points, unusual tensile 
strength and hardness, and considerable inertness 
to acids The type of bonding responsible for these 
properties has been the subject of considciublc 
speculation 

The actinide and lauthanide carbides UC? , 
ThC. , LaC* , NdC» , and probably others upon 
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treatment with water or acids produce some acety- 
lene but mainly hydrogen and more saturated 
hydrocarbons. The Cj group in these compounds 
cannot therefore be regarded as a true acctylide 
ion, or alternately the hydrogenation power of 
the rest of the compound must bo such that 
acetylene cannot l>e liberated as such. The fact 
that divalent ions of the rare earth elements are 
not ordinarily produced in aqueous solutions may 
also he involved. 

The uranium carbides UC and UC* can be syn- 
thesized by the action of carbon on uranium metal 
at 2100 and 2400°C respectively. UC can also be 
formed by the action of methane on very finely 
divided uranium (prepared by the decomposition 
of uranium hydride) at 450°C. Most of the other 
refractory carbides can be formed by the direct, 
combination of the metal and carbon at about 
2200°C. 

Commercially the hardness of some of these 
compounds is employed in carbide cutting tools 
where they are generally used in a matrix of co- 
balt metal. These compounds are also formed in 
tool steels where their presence insures the hard- 
ness and the hot work characteristics of these 
steels. 

Unstable carbides of the transition ele- 
ments. Most of these carbides have unusual and 
complex structures, although a few have the same 
structures as the stable carbides. Examples of the 
latter are the hexagonal close-packed carbides of 
iron and nickel Fc*C and Ni ? C, respectively. As 
might be expected these are thermally highly un- 
stable, and decompose either to the metal and free 
carbon or to the more stable but more complex 
carbides such as the Hiigg iron carbide and ce- 
mentite. The complexity of the latter, carbides is 
shown by their large lattice parameters, which are 
measures of the distance which must, be traced 
through the crystal before the motif repeats itself. 

Graphitic compounds. While not true car- 
bides in the sense that no chemical bond of either 
the ionic or covalent type exists between the 
carbon and the other element., graphitic com- 
pounds should receive mention here. Graphite 
itself consists of sheets of eatacondensed aromatic 
rings. Between these sheets potassium metal can 
intrude causing a swelling of the graphite in the 
direction perpendicular to the sheets. The bonding 
between the carbon and the potassium is of Van 
der Waals type. The graphite can be regenerated 
by distilling off the potassium. Graphite is known 
to form other similar interlayer compounds with 
other reagents. 

L. J. E. IIofer 

Cross -references: Carbon ( Industrial ), Carbon 
Monoxide , Carbon Dioxide , Acetylene Refractor- 
ies 

Industrial Metallic Carbides 

Refractory carbides. These are characterized by 
great chemical and thermal stability. They in- 
clude the carbides of boron and silicon together 
with the carbides of the transition metals. The 
latter are interstitial compounds in which the 
carbon atoms fit into interstices of the normal 


\m 

crystal lattice of the metal. Such compounds exist 
only in the solid state. Ordinary valence considera- 
tions are not involved, the composition depending 
upon the geometry of the system. When the ratio 
of the carbon atom radius to that of the metal 
atom is below 0.59, the carbide has a simple, close- 
packed structure and a one-to-one atomic ratio. 
More complex structures of lesser stability are 
formed with transition metals of smaller atomic 
size. 

Metals which form interstitial carbides of 
simple MG type are titanium, zirconium, haf- 
nium, vanadium, niobium, tantalum, molyb- 
denum, and tugsten. These carbides are generally 
grey, metallic-appearing powders which conduct 
electricity. They are extremely hard and high- 
melting. Except for the similar interstitial borides, 
they are the only known substances which are 
stable solids at 250U°C in vacuo. Tantalum carbide 
has the highest melting point known, 3NK()°C. 

Carbides of the M*C type, in which only half 
the interstitial positions are occupied, are also 
known for several of these metals. Phase relations 
for the metal -carbon systems are complicated by 
solid state solubility of both carbon and metal in 
the carbide phases. Solid state solution of carbon 
in metal without formation of a carbide phase also 
occurs. In general, these compounds exist, over a 
range of compositions, and samples of exact 
stoichiometric composition are rarely obtained. 

While relatively inert chemically, the carbides 
are decomposed by fusion with alkalies, and many 
are. attacked by mixtures of nitric and hydrofluoric 
acids. They are readily oxidized or chlorinated at 
high temperatures. 

The transition elements of smaller atomic vol- 
uble form an intermediate series of interstitial 
carbides. Chromium forms several carbides of 
which Cr s (- s is most stable. Manganese, iron, co- 
balt, and nickel form earhides of the M*C type. 
MiiaC is hydrolyzed to give a mixture of hydro- 
carbons, while the others are decomposed by hy- 
drochloric acid giving a mixture of carbon and 
hydrocarbons. These carbides are softer and less 
refractory than those of the M C type. The rar- 
bides of iron, cobalt., and nickel are thermody- 
namically unstable and decompose to the metal 
and carbon on long heating. 

The carbides are prepared in pure state by heat- 
ing intimate mixtures of carbon and metal at 
temperatures up to 2500°C in a vacuum or inert 
atmosphere. Considerable time may be required 
to complete the slow diffusion of carbon into the 
solid metal. The metal may be generated in situ 
by the reduction of its oxide or other compound 
by excess carbon. Similarly, carbon- may be intro- 
duced to the reaction zone in the form of a hydro- 
carbon. Electric furnace temperatures are gener- 
ally required. 

Carbides can be synthesized at lower tempera- 
tures in a menstruum of molten irtetal and then 
recovered by dissolving the excess tactal in acid. 
Thus FejC is produced as a black, finely powdered 
residue by dissolving cast iron in nitric acid. 
Tempered tungsten steels may give a quantitative 
yield of tungsten carbide when dissolved in sul- 
furic acid. The menstruum process can be adapted 
to aluminothermic methods. The metal oxide is 
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reduced by excess aluminum in the presence of 
carbon. The excess aluminum is then dissolved 
away by acid treatment. Silicon carbide (“Car- 
borundum”), boron carbide, and titanium carbide 
were discussed in the first section of this article. 

Cemented carbides. Cutting edges of tools and 
other wear-resistant, parts of great strength and 
hardness are produced by alloying carbides with 
small amounts of binding metals. Powder metal- 
lurgy techniques are used. “Carboloy” is the tung- 
sten carbide composition with 5% of cobalt binder. 
The finely powdered mixture is formed to shape 
in steel dies at pressures of 10 tons to the square 
inch. The compacts are then sintered in vacuum 
or a hydrogen atmosphere at 1450°C. Mixtures of 
tungsten and titanium carbides are also used with 
the cobalt binder. The carbides must be of high 
purity since oxides or free carbon prevent alloying 
with the cobalt. 

Curbides are important constituents in the 
ceramic -metal compositions (cermets), which pos- 
sess unusual high temperature strength and cor- 
rosion resistance. Kxperi mental gas turbine blades 
have been fabricated from titanium carbide and 
silicon. 

Metallurgy. Blast 1 f;i**n»iee production of iron is 
possible because the euctectic composition of iron 
carbide and iron is liquid at attainable tempera- 
tures. Molten cast iron contains 00 to 00% of 
dissolved Fe a C. On solidifying, the carbide par- 
tially crystallizes as cvmentite (Fe.<C) and partially 
decomposes to iron (ferrite) and graphite. Steel 
contains less than 25% of Feat! alloyed with iron. 
In this range, a solid solution of carbide and 
gamma iron forms on solidification. The austenite 
solid solution phase is not stable below 723°C, but 
decomposes to ferrite and cement ite. However, 
rapid chilling ( tempering ) may partially preserve 
the austenite structure. Hardness increases with 
increasing carbon content. 

The transition metals alloy with steel to alter the 
equilibrium relations of the iron-carbon system. 
Manganese and vanadium improve the harden- 
ability of steel while chromium, in the low- 
carbon stainless steels, preserves the corrosion- 
resistant. austenite structure. These elements 
form more stable carbides than iron and so prevent 
the crystallization of a cementite phase. Tungsten 
tool steels have much of the hardness and wear 
resistant, properties of tungsten carbide. Alloy 
steels may be considered alloys of iron with the 
carbides of other transition metals. 


Industrial Carbides 


Carbide 

% Carbon 

m.p., C° 

Density 

b 4 c 

21.72 

2350 

2.52 

CaC 2 

37.47 

23(H) 

2.16 

8iC 

26 . 1)7 

2700 (stibl.) 

3.22 

TiC 

20.03 

3140 

4.07 

NbC 

11.45 

35(H) 

7.82 

CnC, 

13.33 

I860 

6.68 

TaC 

6.23 

3880 

14.48 

WC 

6.13 

2860 

15.7 

Mo s G 

5.80 

2600 

8.9 


Meyer L. Freedman 
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Carbohydrates are the most abundant class of 
organic compounds. They constitute throe-fourths 
of the dry weight of the plant world and are widely 
distributed, oft-eu as important physiological com- 
ponents, in animals and lower forms of life. In 
plants and animals they serve mainly as structural 
elements or as food reserves. Plant carbohydrates, 
in particular, represent a great storehouse of 
energy either as food for men and animals, or after 
transformation in the geological past ns coal and 
peat. Large industries process such carbohydrates 
as sucrose, starch, cellulose, pectin and certain 
seaweed polysaccharides. 

The term carbohydrate originated from the 
belief that this class of compounds consisted of 
hydrates of carbon because elemental analysis of 
common carbohydrates, such as lactose, sucrose, 
starch and cellulose, led to the empirical formula 
C,(JM))„ . Although the formula represents the 
majority of carbohydrates, many have composi- 
tions which do not fit such a simplified generaliza- 
tion. While it is not possible to give a simple yet 
comprehensive! definition of such a broad group of 
compounds, one fairly good definition describes 
them as compounds of carbon, hydrogen and 
oxygen which contain the saccharose group 

r h i 


C C - 


or its first reaction product, and 


OHO 


which usually have the hydrogen and oxygen in 
the ratio found in water. 

Most carbohydrates are hydroxyaldehydes or 
hydroxyketones or substances producing them by 
hydrolysis. G1 v« olaldchyde. (HOCH 2 CHO) is con- 
sidered the simplest carbohydrate, but glycer- 
aldchyde, (glycctuse, HOCII 2 «ClIOH -CHO), is 
more representative because it contains an asym- 
metric carboi atom and is optically active. All 
other aldehydic carbohydrates contain one or more 
asymmetric carbon atoms and influence a beam of 
polarized light according to the rules of stereo- 
chemistry. Because glycerose contains an aldehyde 
group if is classified as an aldose. Since it contains 
three carbon atoms it is an aldotriosc. There are 
similar aldose molecules with three, four, five or 
more alcohol groups for each aldehyde group. Such 
molecules have four, five and six or more carbon 
atoms respectively ami are therefore aldotetroses, 
•Mopentoses, aldohexoscs, etc. Common aldopen- 
toses are xylose and arabinose while common aldo- 
hexoses are glucose, mannose and galactose. 
Another group of carbohydrates are ketones with 
d i liyd roxyace tone (Il()CII 2 -CO'CII 2 OTf) as the 
simplest member. These substances are ketoses. 
Dihydroxy acetone is a ketotriose. There are also 
ke to tet roses, ketopentoses, ketohexoses and 
higher members. All these, except the ketotriose, 
contain asymmetric carbon atoms and an* opti- 
cally active. Common ketohexoses are fructose 
and sorbose. 

All the above carbohydrates contain one sac- 
charose group and are classified as monosaccha- 
rides. More complex carbohydrates that break up 
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on hydrolysis to produce two monosaccharides are 
called di saccharides. Still larger carbohydrates are 
classified, depending on the number of mono- 
saccharides each molecule produces, as trisac - 
charidcs, tctrasarc ha rides, and so on. Oligs saccha- 
rides is a collective term given to carbohydrates 
which contain two to ten inonosuccharide units. 
All carbohydrates which contain more than ton 
monosaccharide units are classed as polysaccha- 
rides] typical examples are starch, pectin, glycogen 
and cellulose. 

All the monosaccharides and many of the oligo- 
saccharides are called sugars. Frequently the 
monosaccharides are called “simple” sugars. The 
sugars are readily soluble in water but vary greatly 
in their sweetness. The sweetest, fructose, is about 
1.5 times as sweet as sucrose (table sugar' and 
about 3 times as sweet as glucose (corn sugar). 
Other sugars are less sweet, with some exhibiting 
a barely noticeable sweetness. 

When the sugar structural formulae are written 
in the vertical position with the aldehyde (or ke- 
tone) function at the top, half will have the hy- 
droxyl group next to the primary alcohol group 
lying on the right side of the molecule as with 
dextrorotatory glyecrose, and half will have this 
penultimate hydroxyl group lying on the left as in 
levorotatorv glycerose. The former are therefore 
classified to the n series and the latter classified as 
L-sories. It should be understood that these sym- 
bols denote configurational relations only and do 
not indicate the optical rotation of the molecule. 

Because of the presence of asymmetric carbon 
atoms, numerous stereoisomeric monosaccharides 
exist. Although the structures of carbohydrates 
are often written as acyclic compounds, they 
usually occur as cyclic compounds formed by the 
rarbonyl group condensing with the. hydroxyl 
group on carbon C\ or C\ . These forms arc desig- 
nated as furanose and pvranose, respectively. 
Because of the cyclization, carbon atom (T is an 
an asymmetric center which gives rise to two 
anomers. When the hydroxyl group of the ano- 
meric carbon atom is in the same direction as the 
penultimate hydroxyl group the sugar is desig- 
nated as thett-forin. On the other hand, when the 
hydroxyl group is in the opposite direction the 
sugar is the 0-fonn. All these forms, together with 
the acyclic form, coexist in an equilibrated, 
aqueous sugar solution. 

MonoHucchu rides. The aldotrioses, n glycer- 
ose, and dihydroxyaectone are very important 
biochemically since they occur as integral parts 
of the glycolytic cycle of carbohydrate metabolism 
in both plants and animals. None of the aldotet- 
roses, d- or L-threose or i>- or L-erythrose is com- 
mon or of much importance. 

D-Xylose is rarely found free in nature but is 
abundant as units in the polysaccharide xylan 
found in various plants. It is freed by subjecting 
corn cobs or seed brans to hydrolysis by hot dilute 
mineral acid. Concentration of the hydrolyzate 
and purification with carbon causes the sugar to 
crystallize. Subjecting corn cobs, brans or other 
plant tissues high in xylan content to hot 12% 1101 
causes conversion of the n-xylose and some other 
substances (glycuronic acids) to furfural. The 


process can be used for quantitatively measuring 
the amounts present of pentose containing poly- 
saccharides (pentosans). It is idso used commer- 
cially for manufacture of furfural. 

L-Arabinose occurs in natur**, sometimes in 
polysaccharides combined with D-xyJose units but 
more often in polysaccharide gums and as a poly- 
saccharide component of pectin. It may be pre- 
pared by mild acid hydrolysis of such plant gums 
as mesquite, arabie. or cherry. n-Arahinose does 
not occur in nature; but may be prepared by 
appropriate degradation of n glu< *.»sc. n-llibose is 
an important constituent of nucleic acids which 
arc found in all plant and animal cells, ltihomicleic 
acids are usually found in the cytoplasm whereas 
2-D-deoxynbose nucleic acids an* found in the 
nucleus. 2-n Deoxyribose has the hydroxyl group 
on carbon atom ( -2 replaced with a hydrogen atom, 
bvxose does not occur in nature. 

i>-( ilucosc is the most abundant and important 
of the aldohexoses. It occurs free in fruits, plant 
juices, honey lymph, cerebrospinal fluid, urine, 
and blood. Normal human blood contains 70 to 
100 mg. of D-glucose per 100 ml. i>-< ilucosc is taken 
into the blood from the intestines as a result of 
digestion of sucrose, starch and other earbohy 
d rates. It is delivered to the body cells and muscles 
t o supply energy I h rough enzvmat i«* glycolysis and 
the citric acid cycle. Solutions of n glucose arc 
sometimes used for intravenous feeding of hospital 
patients. The sugar is produced commercially in 
large amounts by hydrolysis of corn March. It is 
crystallized and sold as ‘ dextrose” but the largest 
amount is sold in solution as corn si tup. For this 
purpose the hydrolysis of the starch is slopped 
short of completion so that the hydrolyzate con- 
tains besides n glucose various oligosaccharide 
fragments, resulting from incomplete depolymer 
ization of the starch molecules. Their presence in 
the sirup prevents crystallization of the n -glucose 
and hence promotes sirup stability, n (ilucosc is 
also a constituent of sucrose (table sugar). 

n-Galaetose is a constituent of the disaccharide 
lactose, from which it may be prepared by hy- 
drolysis. The sugar may also be obtained in good 
yield by hydrolysis of numerous polysaccharides 
which contain o-galactosc in varying amounts. 
Some such as agar and carrageenan are composed 
almost entirely of n-glaetose units. From such 
polysaccharides i.-glactose may sometimes be 
obtained in small amounts. 

n-Mannosc is widely distributed in nature as a 
repeating unit in polysaccharides known as 
man nans. 

Among the ketohexoses i» fructose (levulose) is 
most abundant, and important, (t occurs with 
D-glucose in honey and in “invert sugar” which is 
the product of sucrose hydrolv^s. Sucrose is 
dextrorotatory and the hydrolyzed mixture is 
levorotatory; hence the name invert sugar. D-Frue- 
tose can be separated from invert sugar, but in 
the laboratory it is made by hydrolysis of one of 
its numerous polymers, polysaccharides termed 
fructans which aro commonly found in plants as 
reserve foods. Inulin from dahlia tubers is a con- 
venient source. 1 ,-Sorbose, an intermediate in the 
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synthesis of ascorbic acid (vitamin C), is prepared 
by the bacterial oxidation of sorbitol. 

Of the four naturally occurring “methylpcn- 
toses” or 5-C-methylaldopcntoscs, L-rhaninosc or 
ti-dcoxy-L-muniiose is the commonest. It is ob- 
tained by hydrolj'sis of quereitrin. 

DisucrliariclcH. Disaccharides are formed by 
condensation of two monosaccharides through one 
or both of the carbonyl groups. The new linkage is 
labile to acid and often to alkali. Acid hydrolyzes 
the disaccharide to its constituent monosaccha- 
rides. Di saccharides which have a free carbon yl 
group show reducing properties. The more impor- 
tant. members of this group are maltose, cell obi ose 
and Inclose. Mm It ose is readily prepared bv the 


sugar. a,a-Trehnlose is found in rye ergot and 
young mushrooms, but the best sources for its iso- 
lation are trchala manna, an exudant of certain 
insects found in Syria, and the Selaginella Cepido- 
phylla plant of southwestern United States. 






partial acid or enzymatic (diastase) hydrolysis of 
starch. (Vllobiose is obtained by the partial acid 
hydrolysis or acctyolysis of cellulose, whereas 
lactose, sometimes called milk sugar, is usually 
obtained by evaporation of whey whereby crystal- 
line lactose is deposited. 

Those disaccharides in which both of the car- 
bonyl groups are involved in the linkage have only 
slight reducing properties. The two most impor- 
tant nonreducing disaccharidcs are sucrose ami 
trehalose. Sucrose is obtained commercially from 
sugar cane or sugar beet. The sucrose is extracted 
by crushing and extraction with water. Purifica- 
tion is by heating the extract with calcium hy- 
droxide which causes the impurities to separate 
either ns a scum or a deposit. Concentration of the 
clear solution yields crystalline “raw” sugar. 
Table sugar is obtained by recrystallization of the 
raw sugar. The mother liquors from this process 
deposit less pure crystals known as “brown” 


OligosucchuridcN. The commonest oligosac- 
charides found in nature are derivatives of sucrose. 

Polysaccharides. The polysaccharides are 
widely distributed in the plant and animal worlds, 
‘ rving as food reserve substances and structural 
material. The two best known polysaccharides 
are starch and cellulose, which consist- of o-glucn- 
pyrauosyl units linked by or- and 0-1 -♦ *1 bonds, 
respectively. Similar to cellulose is xylan, a poly- 
saccharide consisting of 0-1 — * 4 linked n-xjdo- 
pyranosvl uni«s. This polysaccharide occurs in 
piacticallv all •and plants and in some marine 
algae. Although xylan is difficult to extract from 
cellulose, there is no positive evidence for covalent 
linkages between the two polysaccharides. 

Also similar in many ways to cellulose is chilin , 
the most abundant of the polysaccharides contain- 
ing aminosugars. It is the principal structural 
component of the shells of insects, crabs, and 
lobsters, and is also found in lower plants such as 
the myeelia and spores of fungi. 

Polysaccharides may also be built of uronic acid 
units. Kor instance alginic acid, a constituent of 
the cell walls of most brown algae, is a linear poly- 
mer made up entirely of n-mannuronic acid units 
united h\ 0-1 — > 4 linkages. The presence of the 
uronic acid group stabilizes the glycosidic linkage 
to acid hydrolysis. Treatment with 1!)% hydro- 
chloric. acid at 145° for 2 hours causes decarboxvla- 
lion and the theoretical amount of carbon dioxide 
is evolved. During the last, decade alginic acid has 
become an important commercial product and is 
used extensively in the food industry. Since the 
calcium salt of algiuic. acid can form strong fibers 
which are soluble in mild alkali, it. is used in the 
textile industry for weaving special fabrics such as 
imitation lace and furs. The alginic acid libers are 
used as a frame-work during weaving and then are 
dissolved out. by alkali. 

Certain polysaccharides occur as esters of sul- 
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furic acid. Two such polysaccharides are agar and 
carrageenan, 0-1 — » n-gabictuns with sulfate 
groups at certain C* and C 4 hydroxyl groups, re- 
spectively. Both polysaccharides, which are iso- 
lated from red marine algae, form reversible gels 
in aqueous solution. Because of this property they 
are used as stabilizers and gels in the food in- 
dustry. 

Reactions of CarbohydrateM. Carbohydrates 
which contain a free carbonyl group have reducing 
properties typical of those of the simple aldehydes. 
The carbonyl group will also undergo condensation 
with amines, hydrazines, mercaptuls and hydrogen 
cyanide to form derivatives which are useful for 
identification. Aldehyde groups are quantitatively 
oxidized to a carboxyl group by bromine or alka- 
line iodine. This reaction is used extensively for 
the determination of aldoses in the presence of 
ketoses and for molecular weight determinations. 
Carbonyl groups may also be reduced to alcohols. 

The polyhydric nature of the carbohydrates is 
illustrated by the formation of esters and ethers. 
Esters of carbohydrates are usually prepared by 
the action of inorganic acids, organic acids or 
anhydrides of the latter in the presence of an im- 
pelling agent such as sulfuric acid, phosphoric 
acid or pyridine. The presence of ester groups re- 
duces the solubility of the carbohydrate in water 
but increases the solubility in orgunic solvents. 
Carbohydrate ethers are usually prepared by the 
action of alkyl halides or sulfates on a sodium 
hydroxide dispersion of the carbohydrates. Com- 
plete etherification is achieved only after rejieatcd 
treatment. The ethers and esters of polysaccha- 
rides, especially of cellulose and starch, are of 
fundamental commercial importance. 

Hydroxyl groups of carbohydrates ijje readily 
oxidized to acids, aldehydes and ketones. The 
mechanism of oxidation is quite complex and only 
with lead tetraacetate and periodic acid is the 
reaction specific. In these cases vicinial hydroxyl 
groups (a-glycol groups) are cleaved to give car- 
bonyl groups. Glycol groups containing a primary 
alcohol group give rise to formaldehyde whereas 
three vicinial secondary hydroxyl groups give for- 
mic acid, a -Hydroxy carboxylic acids react slower 
and produce carbon dioxide. The quantitative 
study of lead tetracetate and periodate oxidation 
of carbohydrates is most valuable in structural 
determinations. Hypochlorite and hydrogen per- 
oxide are used commercially for modifying the 
properties of polysaccharides such as starch. The 
mechanism of oxidation and the type of products 
produced are still unknown. A general character- 
istic of oxidized carbohydrates is their sensitivity 
to alkali. 

Rot I j. Whistler and W. M. Corbett 
Cross-references: Asymmetry , Sugars , Cellu- 
lose, Starches , Foods , Nutrition 
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CARBON, ACTIVATED 

Activated carbon is a manufactured form of 
carbon having a large specific area and designed 
for adsorption from either the gas or liquid state. 
It is made, by destructive distillation of carbona- 
ceous material under controlled conditions. The 
specific area of an activated carbon inay range 
from 600 to 2,000 square meters per gram. In both 
granular and powdered carbons, this area is almost 
entirely internal; it is the area of the pore struc- 
ture created by the two steps of driving off volatile 
constituents from the carbonaceous raw materials, 
and oxidizing the residue. Such oxidation is ac- 
complished by means of steam or parbon dioxide, 
at temperatures approximating 1000°C. 

Carbons activated for adsorption of gases and 
vapors differ markedly from those designed for 
adsorpt ion from liquids. The former class is char- 
acterized by a preponderance of small pores (under 
2()A in diameter); they are in general harder and 
denser than the socallod “decolorizing" carbons. 
The fine, pore structure required for gas -adsorbent 
carbon may be secured either by choice of suitable 
raw material or (within limits) by choice of the 
method of manufacture. Coconut and other nut 
shells are ideal raw materials for producing such 
carbons. 

The "decolorizing" carbons for liquid phase use 
(which adsorb many noncolored substances as 
well) are divided into Ihc animal and vegetable 
carbons. The former, and historically older, type is 
made from animal bones. The finished bone char 
ranges approximately 12 by 20 mesh, and con- 
sists of about 90-f% of hydroxy apatite, I lie- bal- 
ance being carbon. The vegetable activated car- 
bons of commerce are made from lignite, paper 
mill waste liquor (i.e., lignin), peat, and wood. 
They are sold mostly in powdered form. Activated 
carbons of both the gas-adsorbent and decoloriz- 
ing types can also be made by chemical activation. 
Here the pore structure is initiated by destructive 
dehydration instead of destructive distillation. 
The agents used are zinc chloride, phosphoric 
acid, or sulfuric acid. 

Activated carbons are usually leached to extract 
inorganic contaminants, if they are to be used for 
purifying food or chemical products. Such leach- 
ing is done with mineral acid, and is followed by 
water washing to eliminate excess acid and salts. 
A good grade of activated carbon as sold will 
contain well under 1% of soluble impurity. 

The military use of the gas -adsorbent, carbons in 
gas masks is well known. There are Rl number of 
sizable peace-time uses as well. Important among 
these is the recovery of volatile solvents in in- 
dustrial processes. Air or gas streamB containing 
such solvent vapors, even in very loBr concentra- 
tions, are effectively stripped by postage through 
a bed of granular gas-adsorbent carbon. After a 
suitable adsorption period, the solvent is de- 
sorbed, usually with steam, and recovered by 
conventional condensation. 

The same principle is used, but at higher concen- 
tration levels, in the petroleum industry for sep- 
aration of hydrocarbons by fractional adsorption. 
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This is useful with lower member* of the aliphatic 
series, where low boiling points cause complica- 
tions in separation by distilling and subsequent 
condensation. 

Other applications of gas -adsorbent carhop in- 
clude the removal of oil vapor, sulfur compounds 
and other contaminating agents from such indus- 
trial gases as carbon dioxide, carbon monoxide, 
hydrogen and acetylene. Objectionable odors or 
irritating vapors are removed from air to he circu- 
lated in theaters, restaurants, offices, railroad 
cars, airplanes, and other places for human com- 
fort. Both gas adsorbent and decolorizing carbons 
arc used as catalysts or catalyst carriers for 
various commercial organic chemical reactions 
such as hydrogenation and synthesis of vinyl 
chloride. 

The “decolorizing” carbons, both animal and 
vegetable, find a major use in the refining of raw 
cane sugar. Bone char dates back well into the 
nineteenth century. It. is used in large char towers 
through which sugar liquor is percolated for re- 
moval of color as well as inorganic constituents. 
The spent bone char, after “sweet ening-ofT” with 
w'ater to recover occluded sugar liquor, is re- 
generated by a heat* treat meat in char kilns; this 
process is very similar to the original activation. 
Some of the original carbon is burned off, but is 
replaced by secondary carbon from the organic 
nonsugars adsorbed in the char tower. 

Powdered vegetable carbons are used for cane 
sugar refining in the tropics and have partially 
replaced bone char in U. S. refining. They have 
largely replaced bone char in the refining of corn 
syrup and corn sugar. The beet sugar industry in 
the United States also uses sizable tonnages of 
these carbons. 

Another major field of use for the vegetable 
carbons is in the treatment of municipal water 
supplies. The objective here is the adsorption of 
impurities producing odor and taste. These may 
arise from industrial pollution, from decay of 
vegetation, or from algae. The carbon is applied 
in powdered form at the filtration plant, usually 
during the coagulation and sedimentation steps, 
in dosages averaging only two to five parts per 
million. These low* levels are effective because the 
odors and tastes are caused by such minute con- 
centrations of organic compounds. 

A similar function is performed by granular 
activated carbon on industrial water supplies. In 
the soft drink and brewing industries taste-free 
and substantially sterile water is essential; sterili- 
zation is effected by heavy chlorine treatment. 
Carbon is used to remove residual chlorine, as 
well as odors and tastes, in a single operation. 
Other large fields of use for the vegetable carbons 
arc the treatment of glyceride-type oils and fats, 
waxes, plasticizers and other esters, the purifica- 
tion of nylon monomer, polyhvdric alcohols such 
as glycerine, the glycols, pentaerythritol and 
sorbitol; food products such as gelatin, pectin, 
vinegar, and monosodium glutamate; photo- 
graphic chemicals and pharmaceuticals such ah 
sulfa drugs, antibiotics, blood plasma extenders 
and synthetic vitamins; organic acids including 


acetic, benzoic, citric, fumaric, maleic, and many 
others; natural and synthetic caffeine, dye inter- 
mediates, and a great host of miscellaneous prod- 
ucts. 

In recent years two other large-scale uses have 
developed for activated carbon. One of these is 
the immobilization of a troublesome liquid in an 
essentially solid-phase system. When reclaimed 
rubber is used in the production of white side- wall 
tires or other light colored rubber products, some 
of the oils used in the reclaiming process tend to 
migrate from the back ply to the light outside ply 
and cause a yellow stain. When activated carbon 
is milled with the reclaimed rubber, these oils are 
immobilized on the carbon and staining is pre- 
vented. 

The other is the use of carbon to adsorb im- 
purities causing haze in a liquid product on long 
storage or on chilling. This may be the case with 
some types of sugar used in the soft drink industry, 
and in the past it has also caused much concern 
in the brewing industry. Such haze is caused by 
the presence of an impurity at or neAr the point of 
insolubility; substances like this are readily ad- 
sorbed. Activated carbon is thus becoming a valu- 
able sid to the brewing industry where it supple- 
ments the enzymes employed to offset chill haze 
caused by protein precipitation. 

Some proprietary names in this country arc: 
Adsorbite, Aqua Nuchar, Bone Char, Carbex, 
Carbo-Dur, Cl iff char, Columbia Activated Car- 
bons, Darco Activated Carbons, Dchydritc, De- 
odorite, Filtchar, Girdler Charcoal, Granular 
Hydrodareo, ll-VW-M Activated Carbon, Min-, 
char, Xorit, Nuchar, Pittsburgh Activated Car- 
bons, Suehar and Synthad. 

Walter A. Hklbig 
Cross-references: Absorbents , Adsorption , Brew- 
ing, Su gar , Chi tn i cal Warfare 
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Tiie carbonates are of considerable industrial 
importance. The largest tonnages are consumed 
in the ceramic and metallurgical industries. For 
example, limestone (essentially CaCOa) as a 
source of CaO, is used extensively for fluxing and 
refining purposes in iron and steel making. CaO, 
derived from CaCOa in sea shells, is used for the 
recovery of Mg from sea water. Dolomite [(CaMg)- 
(CO.).l and magnesite (MgCOa) as sources of 
MgO, are used for the manufacture of refractories. 
Limestone, as a source of CO* , is used in the Sol- 
vay process for the manufacture of Na*COi and 
NaHCOi . Thus, both products of decomposition 
of abundant limestone are important. Na*CO* , as 
a source of Na*0, is used for the manufacture of 
glass. 

Most metals form carbonates, and a great many 
of these are found native. The metals which do 
not form carbonates are those whose hydroxides 
arc very weak bases, for example A1 and Cr. The 
carbonates can be classified na ionic compounds. 
The carbonate ion is planar and since the three 
0—0 distances are equal, it is believed that rcRO- 
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nance of a double bond occurs among the three 
C — 0 positions. 

Metal carbonates are very slightly soluble in 
water, those of the alkali metals and Tl-COj being 
the only important exceptions. Therefore, the 
metallic carbonates can usually be prepared by 
precipitation by the action of a solution of a car- 
bonate on a solution of a soluble salt of the metal. 
(NH«)sC()x anil NH4IICO3 are also soluble in water 
at, room temperature hut decompose in hot water. 
The action of excess CO? on carbonates in solution 
results in the formation of bicarbonates, which are 
more soluble. “Temporary hard water” contains 
bicarbonates in solution which decompose on 
heating to form the less soluble carbonates. The 
latter carbonates precipitate out of solution and 
yield the deposit often observed on the wall:’* of 
teakettles and boiler pipes. Carbonates am de- 
composed by acids with evolution of CO* • CO? is 
slightly soluble in II 2 O, and this solution exhibits 
feeble acid properties. It contains carbonic acid, 
H 2 CO 3 , which is unstable and cannot be isolated. 

The thermal decomposition rates of the carbon- 
ates increase with increasing temperature. For 
some, rapid decomposition starts at comparatively 
low temperatures (Ag-CO.-? , 200°C, for example) 
whereas for others, rapid decomposition starts at 
comparatively high temperatures (CaCO* , SSO°C, 
for example). In addition, the alkali metal car- 
bonates melt before rapid decomposition occurs. 

There exists at a given temperature a minimum 
pressuic or partial pressure of CO* in the environ 
incnt which will prevent, a carbonate from decom- 
posing. This pressure is known as the equilibrium 
decomposition pressure for the carbonate, and it 
increases with increasing temperature. At a given 
temperature, this pressure is difforept for the 
various carbonates existing in nature. TJie above 
statements can be placed on a thermodynamic 
foundation by considering the thermal decompo- 
sition of the carbonate MCO., , where M is a 
bivalent metal cation. The decomposition reaction 
is: 

MCO a (solid) -* MO (solid) 4- CO* (gas) 

The equilibrium constant., A', for this reaction is 
(Pco 2 )« , where (Pro*)«- is the equilibrium partial 
pressure of CO* . The activities of MO and MCO. 
are unity, since they are in their standard states. 
Thus, the froe-energy change for this reaction is 

AG - -ftT In (Pco 2 )« 4 HT In l’co a 

= AG° 4 nT In Pco 2 

where It is the gas constant, AG° is the standard 
free-energy chunge, and Pro* is the partial pres- 
sure of CO 2 in the environment at a given absolute 
temperature T . When Pco* =* (Pro 2 )e , this reac- 
tion is at equilibrium or no net change occurs and 
AG =* 0. When 

Pco 2 < (Pco 2 )« 

AG is negative and the reaction proceeds continu- 
ally to the right provided this condition is main- 
tained. When 

Pco* > (Pco*)# 


A G is positive anil no decomposition can occur. In 
fact, if free MO is present under this latter rendi- 
tion, it will convert to MCOa • Therefore, the 
driving force or tendency for decomposition to 
occur is determined by the equilibrium partial 
pressure of CO* , analogous to the use of vapor 
pressures of substances as an indication of their 
vaporizing or escaping tendency. 

The equilibrium partial pressure of CO* for 
CaCOs at 880°C is one atmosphere, whereas for 
LiaCOa . NaaCOj and K*CO i4 at 1200 u (\ the equi- 
librium partial pressures in nun Hg are 300, 41, 
and 27, respectively. The melting points of the 
latter three carbonates are 01 S, Sol, and S00°C, 
respectively. CaCOj melts below lllMPC if the CO* 
pressure in the environment is maintained above 
the equilibrium decomposition pressure. It is 
apparent that the atomic binding forces are dif- 
ferent in the various carbonates. 

An equilibrium decomposition temperature is 
ascribed to the various carbonates. It is the 
temperature at, which the Pen* required for equi- 
librium is one atmosphere. In this ease, the stand- 
ard free energy change, AG", is also zero. For tin* 
carbonates of Mg, ('a, Sr, and Ha, the equilibrium 
decomposition temperature increases with in- 
creasing atomic number of tin* cation or with in- 
creasing cation radius. The heat of decomposition 
can be obtained by measuring the equilibrium de 
composition pressure as a function of temporal uro 
and utilizing the Gibbs Helmholtz equation. The 
equilibrium partial pressure or AG° for a given 
temperature can also be calculated from thermo- 
ehemical data provided the solid rcaaianls and 
products are at unit activity or if activity data 
are also known. 

The decomposition of a carbonate particle starts 
at the surface and proceeds inward. It is know'll 
that the zone of decomposition increases linearly 
at a given temperature for CaCO* , MgCOj , 
(CaMg) (CO.,)* , and (AgjCOj. This rate of zone 
increase is constant at a given temperature regard 
less of the diameter of the particle. It appears, at 
least, for these carbonates, diffusion of CO* from 
the decomposing interface is not the limiting proc- 
ess. Any mechanism of decomposition must in- 
clude the above observation and the fart that the 
resulting oxide usually has a different crystal 
structure than the parent carbonate. The overall 
process can be represented by two consecutive 
reactions: The first, decomposition; and the sec- 
ond, a phase change. 

The thermal decomposition rate of the carbon- 
ates can be increased by the presence of other 
gases in the environment, notably II 4 O and NH a . 
These gases have large dipolo moipcnts in the 
liquid state and are dipoles in the gaseous state 
and can catalyze the decomposition. 

J. fl. Wkrnick 

Cross-references : Thermodynamics 


CARBON BLACK 

Carbon black is the generic name for a group of 
intensely black, submicron size pigments com- 
posed of essentially pure carbon and made by 
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vapor phase decomposition of hydrocarbons in an 
open diffusion flame, in a partial combustion 
chamber or in a thermal decomposition chamber in 
absence of air. Common soot is a true carbon 
black; commercial carbon blacks art; the result of 
making soot under exactly controlled process con 
ditions. 

The following commercial products are classed 
as carbon blacks: channel black (also called im- 
pingement black), furnace; black, lampblack, 
acetylene black and thermal black. In 1051 the 
l T . H. produced about 110 million dollars worth of 
these products, or 1.0 billion pounds, which 
amounted to SO- 85% of the world's supply of 
black. 

Carbon black is formed in a fraction of a second 
in a flame having a mass temperature ranging from 
about 2100 to 2700°F; at this temperature level 
all hydrocarbons decompose rapidly to molecular 
fragments which in turn condense or polymerize 
to polynuclear aromatics. These aromatic “com 
pounds" grow rapidly and dehydrogenate almost, 
completely by the time the final carbon particle is 
formed. Evidently nuclei, which have never been 
isolated and identified, are formed by thermal 
tleynutation of the Uyfroenrhnn raw material . The 
nuclei grow almost instantaneously into the final 
carbon particles which, in turn, have a tendency 
to aggregate. The. .‘1 dimensional branched aggre 
gates arc* held together with varxitig degrees of 
bond strength, known as “st ruelure”, depending 
on fuel and production conditions. 

X-ray analysis indicates that all carbon blacks 
arc; made up of crystallites containing parallel 
layer groups similar to graphite except that the 
layers an* randomly oriented about the layer 
normal and the layer spacing is slightly greater 
than in graphite. Prolonged heating at 2700- 
aontre rapidly gniphitizes carbon black with con 
siderahle growth in crystallite size. 

The range* of mean particle size of commercial 
carbon blacks is from about 10 to 500 in/< with the; 
distribution about the mean usually broadening as 
particle* size increase's. Channel blacks may con- 
tain up to about 11% oxygen and 0.S% hydrogen; 
oxygen contents above, about 4% are usually ob- 
tained only by secondary uftertreatment in an 
oxygen-containing atmosphere at S00 1000‘F or 
by prolonged high temperature exposure* on the; 
channels. Channel blacks contain negligible 
amounts of benzene soluble matter; ash is usually 
0.10 % or less. 

Furnace and thermal blacks contain nbemt 
0 .3-0.5% each of hydrogen anel oxygen, a trace* of 
benzene extrac tables up te> a maximum of a fe*w 
tenths of a percent anel ash contents of 0.1 to 1 .5% 
depending upon the soliels content of the water 
used in cooling. Sulfur content of black depends 
on sulfur content of the fuel; in commercial fur- 
nace blacks sulfur varies from 0.1 to 1 .5%. Neither 
sulfur ne>r ash have important primary effects in 
carbon black applications but oxygon content (e>r 
some variable related to oxygen content) has a 
strong influence on the dispersing properties of 
blacks in fluid systems. 

The pH of aqueous suspensions of ash-free car- 
bon black varies from about 3.0 for aftertreated 


channel blacks to 7.0 for furnace black as oxygen 
content varies from 1 1% to under 0.5%. In practice 
furnace blacks are alkaline (up to pH 10) due to 
contaminants from cooling water. 

The most important present day commercial 
carbon black process is the so-called furnaee proc- 
ess. This involves noil- pm mix partial combustion 
of atomized liquid or vaporized hydrocarbon fuels, 
with natural, refinery or coke oven gas as auxiliary 
fuels, arid with air as an oxygen source in a re- 
fractory enclosure or furnace. Hlack is collected 
from the smoke by electrostatic agglomeration 
followed bv cyclone collection; in recently built 
plants bag filters or wet scrubbers arc used to 
remove the last traces of carbon. 

The channel black process, in use since almut 
18N0 and intensively developed in the period 
11)20-30, is still widely used, accounting for about 
27% of U. S. output, in 1054. Before 1040 channel 
black constituted over 00% of the world's supply 
of carbon black, in this process small flat non- 
aerated flames are played against an air-cooled 
steel channel \boiit 10 inches wide and up to 140 
feet long. The. channel, which serves as a collector, 
is moved slowly past fixed scrapers which dis- 
charge flu* black into hoppers feeding screw' con- 
veyors Collected yield is 2 fi% of the total carbon 
in the gas depending upon the particular quality 
of black being made. 

In the; thermal black process natural gas is de- 
composed or “cracked" by contact with hot silica 
checker brick in a cyclic process employing 2 
chambers alternately used on heating and cracking 
cycles. Collection of black from the gas stream is 
usually by bag filters with or without cyclones in 
series. Net yields are in the range of 25-40% when 
flu; by-product hydrogen is used as heating fuel. 
IT. S. thermal black production in 1051 was about 
S% of total car* mi black production. 

The lampblack process is a crude form of furnaee 
process in which a pan of oil is burned in a re- 
stricted updraft; the black passes into gravity 
settling chambers and, in more modern plants, the 
residual black is collected by bag filters or electro- 
static precipitators. In the l T . S. lampblack is 
used mainly for tinting paints and in liquid oxygen 
explosives. Lampblacks are rapidly becoming ob- 
solete and will probably almost disappear in the 
U. S. in 5 to 10 years but perhaps will he used 
longer in Europe. 

Acetylene black is made by exothermic decom- 
position of nearly pure acetylene in a refractory 
chamber; yields are practically 100%. This very 
»:igh structure black is used almost exclusively in 
dry cell batteries and in making electrically con- 
ductive rubber and conductive dispersions in 
general. None is produced in the U. S.; Canada 
produces most of the world's supply. In 5 or 10 
years acetylene black may be supplanted by 
special grades of oil furnace blacks. This has 
already occurred in the conductive rubber field. 
World production of acetylene black in 1054 was of 
the order 20-25 million pounds; Canada produced 
about 15 million pounds half of which was im- 
ported by U. S. customers. 

Production of carbon black outside the IJ. S. is 
growing rapidly with important plants in tier- 
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many, England and Canada. All now plants and 
expansions arc oil furnace blacks. Foreign pro* 
duction, excluding U. S. S. It., was about 200 
million pounds in 1964. It is estimated that Russia 
and satellites currently produce 50-100 million 
pounds yearly and this figure will increase* rapidly. 

Particle Size 

Over 90% of all carbon black produced is used 
in natural and synthetic rubber as a reinforcing 
and filling agent; the largest single use is in motor 
vehicle and airplane tires. The most important, 
variable affecting reinforcement is particle size’, in 
general, basic reinforcing properties — tear re- 
sistance, tensile strength, and abrasion resistance 
— increase os particle size decreases. Particle size 
is determined from electron microscope pictures 
in which only the outline or the external surface 
area is considered. Total surface area , which in- 
cludes the area of pores and surface irregularities, 
is determined by nitrogen adsorption. The nitro- 
gen adsorption surface areas of commercial blacks 
vary from 1 to 5 or 6 times that of the external 
area determined from electron microscope counts. 
Rubber grades of black have a ratio of nitrogen 
area to electron microscope area not over about 
1.5. The higher the total surface area the slower 
the vulcanization rate, evidently due to greater 
adsorption of accelerators or intermediates formed 
in curing. Stiffening effects — modulus, viscosity, 
hardness — increase in proportion to structure and 
i avers ly with particle size. The mechanism of re- 
inforcement of rubbers by black is not known. 

Uses 

The growth of the carbon black industry here 
and abroad parullels that of the rubber industry; 
for the V. S. an average growth rate of about 1% 
per year seems indicated as long as new- competi- 
tive non-black fillers do not develop. For the rest 
of the world a growth in demand of 5 to 10% per 
year can be anticipated for the next 5 to 10 years. 

About 90% of the blacks sold in the U. S. are 
in the price range 4.5 to 10.5^/lb. f.o.h. plant., 
carload bags. Carbon black has a low specific 
gravity (1.86) compared to most fdlcr pigments; 
its price is low in relation to its reinforcing power 
in rubbers. Synthetic white reinforcing fillers, 
principally silicates and hydrated silicas, are 
finding increasing use in rubber products where 
color, not reinforcement, is critical, e.g. in shoe 
soling. Clay and ground calcium carbonate, the 
cheapest non-black fillers, are not gaining in use 
relative to carbon black. It is difficult to see how 
carbon black, which is made from the heavier 
refinery fractions falling in the industrial fuel 
category, can be surpassed in reinforcing power 
per dollar by products made from chemical raw 
materials. 

The second largest use of blacks is in inks, news 
ink accounting for most. Carbon black for use in 
black inks is not likely to be supplanted by other 
black pigments or dyes. The trend is towards 
methods of masterbatching black with vehicles 
to increase its density, reduce transportation 
costs, cut down dust and speed dispersion at the 
ink factory. Growth in ink use of blacks can be 
expected to follow the growth of newsprint, book 


and magazine papers at 3 to 4% per year. The 
t rend toward more color in newspaper advertising 
could slow the growth of black ink use. 

Carbon blacks are also used in protective coat- 
ings, phonograph records, pa|>cr, carbon paper, 
concrete (coloring), plastics and synthetic fibers. 
Of these uses only the last two show prospects for 
significant growth. Polyethylene pipe and cable 
jacketing require black for ultraviolet protection. 
Rayon and other synthetic fibers can be made 
permanently black by incorporating black di- 
rectly in the polymer solution or melt, prior to 
spinning. 

C. A. Storks 

Cross-references: Abrasion Resistance, Colloid 
Chernistry f Rubber 


CARBON DIOXIDE 
Industrial Aspects 

Carbon dioxide, CO- or 0:0:0, formula weight 
■14.01, is a colorless gas with a pungent odor and 
acid taste. The first recognition of carbon dioxide 
as a gas distinct from other gaseous substances is 
attributed to J. B. Van llelniont (1577 1044), who 
detected in tin; products of combustion of charcoal 
the same gas as that given off in the process of fer- 
mentation. Carbon dioxide is widely produced to- 
day as a by-product of fermentation and lime kiln 
operations and by separation from flue gases by 
absorption processes. Carbon dioxide is used in 
its liquid and solid as well as gaseous form in food 
preservation (dry ice), beverage carbojiution, fire 
lighting, therapeutical work, mining operations, 
and chemical manufacture. 

It occurs in the combustion products of all car- 
bonaceous fuels and may be recovered from them 
in the various ways. It may also be obtained as a 
by product of fermentation processes, limestone 
calcination, chemical synthesis involving carbon 
monoxide, reaction of sulfuric acid with dolomite, 
and from naturally occurring gases. Carbon di- 
oxide is also a product of animul metabolism and 
is important in the life cycle of animal and vege- 
table matter on earth. It is thus present in the 
atmosphere in small quantities (about 0.03% by 
volume or 0.0474% by weight) but may not be 
recovered economically from this source, although 
the total available amount is about 2,750 bil- 
lion tons. 

The annual production in the United States of 
carbon dioxide, ns obtained from the IJ. S. De- 
partment of Commerce, is given below (in thou- 
sands of pounds) : 

1947 1949 1951 1953 

Liquid 235,200 285,277 323,568 369,426 

and gas 

Solid 720,401 818,272 964,924 1,117,310 

Proper lies. Sublimation point, — 78.5°C at 
atmospheric pressure; triple point, — 56.6°C at 
5.11 atmospheres (1 kg per cm*); critical temperu- 
ture 31.0°C; critical pressure 72.80 atmospheres 
or 1070.16 p.s.i.a; latent heat of vaporization 
149.6 DTU per pound or 83.12 gm. cal per gm. at 
the triple point, and 101.03 BTU/lb at 0°C; gas 
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density, 1.976 grams per liter at 0*0 and 1 atm; 
liquid density, 0.914 kg per liter at 0°C and 34.3 
atmospheres; solid density, 1.512 kg. per liter or 
94.39 lbs. per cubic foot at — 56.6°C; solubility in 
water, 1.713 vols per vol. at 0°C and 0.759 vols. 
per vol at 25°C and 760 mm partial pressure of 
carbon dioxide. The heat of formation of carbon 
dioxide is 93.03 kg. cal per gram mol (or 167,454 
BTU per lb. mol), showing the oxidation of carbon 
to be a highly exothermic reaction. Carbon dioxide 
will not support combustion and is used as a fire 
extinguishing agent. 

Chemical Reactions. Carbon dioxide is not a 
chemically active compound as such and high tem- 
peratures are generally required to promote its 
reactions. In water solution, however, the opposite 
is the case as the solution is acidic in nature and 
many reactions take place readily. A few of the 
more important of these are included here. 

Carbonic acid, 11*00* , is formed by the reaction 
between water and carbon dioxide and is a highly 
dissociated acid. The pi l of saturated carbon di- 
oxide solutions in water varies from 3.7 at 1 atmos 
phere and 25°C t o 3.2 at 23.4 atmospheres and 0°C. 
A hydrate, COj-KlM), is formed on cooling at 
elevated pressuao.v \'o. i< generally stable and 
does not break down under normal conditions. At 
high temperatures the reaction 

2COs — 2CO f Os 

will take place. This reaction is also assisted by 
ultraviolet light, high pressure, and electric dis- 
charge but. only a small percentage dissociation 
occurs. 

Carbon dioxide nun be reduced by several 
means. The most common of these is the reaction 
with hydrogen: 

CO. -f If. > CO -f IIsO 

This is the reverse of the “water gas shift** reac- 
tion which is used commercially in the production 
of hydrogen and ammonia. CO* may also be re 
duced catalytically with various hydrocarbons 
and with carbon itself at elevated temperatures. 
The latter reaction occurs in almost, all cases of 
combustion of carbonaceous fuels and is generally 
employed as a method of producing carbon monox- 
ide: 

CO* + C 2CO 

Carbon dioxide will react with ammonia, as in 
the first stage of urea manufacture, to form am- 
monium carbamate as follows : 

CO* + 2NH 3 (NHj)sCO* 

Carbon dioxide is an important factor in plant 
giowth through the process of photosynthesis. 
This reaction takes place in the green coloring 
material in the leaves of plants and trees where the 
energy obtained by absorption from the rays of 
the sun causes a reduction of the carbon dioxide in 
the chlorophyl bearing cells to carbohydrates and 
oxygen. The oxygen is released to the atmosphere 
thus completing the carbon dioxide-oxygen cycle 
between animal and plant life. 

Commercial Production. Of the various 
sources the following are most important in the 


commercial production of carbon dioxide: 

(1) Recovery from Hue gases resulting from the 
combustion of carbonaceous materials according 
to the following formula: 

C + O. - CO* 

(2) Ry -product of the fermentation industry in 
which a sugar such as dextrose is converted to 
ethyl alcohol and carbon dioxide by an enzyme 
reaction as follows: 

Cr,ll,*( )« - 2C*lli l OII + 2CO* 

(3) Ry -product of lime kiln operation in which 
naturally occurring carbonates arc thermally de- 
composed according to this formula: 

CnCih — OaO 4- CO* 

Although the carbon dioxide produced and re- 
covered by the methods outlined above has a high 
percentage of purity, traces of hydrogen sulfide 
and sulfur dioxide are frequently present which 
gives the gas . slight odor or taste. The fermenta- 
tion g;is recovery processes include a purification 
stage but carbon dioxide recovered by other meth- 
ods must be further purified before it is acceptable 
for beverage or dry ice use. This applies particu- 
larly to dry ice which is to be used for refrigerating 
food. The most commonly used purification meth- 
ods arc? treatments with (1) potassium permanga- 
nate, (2) potassium dichromate, and (3) activated 
carbon. 

before the liquefaction of carbon dioxide, the 
water with which it has become saturated during 
t lie various recovery and purification operations 
must be removed. This may be accomplished by 
any one of several commercial methods such as 
treatment with calcium chloride, silica gel, acti- 
vated alumin.; »r bauxite, or refrigeration. 

Carbon dioxid** may be liquefied at any tempera- 
ture between those at its triple point (— 70°F) 
and its critical point (87.8°F) by coinpressing it 
to the corresponding liquefaction pressure. Two 
conditions are employed in commercial practice, 
the first near the critical temperature, with water 
being employed for cooling, and the second at 
tempera tufas in the neighborhood of 0°F to 20°F, 
with ammonia or other refrigerants being utilized 
for cooling. In the first method, liquefaction of 
the carbon dioxide is accomplished by compressing 
and cooling the gas until it is slightly helow r the 
critical temperature of 87.8°F at a pressure of 73 
atmospheres or more. Low -temperature liqucfac- 
? ion of carbon dioxide is usually employed in cases 
in which the liquid carbon dioxide is to be used 
for the production of dry ice. 

Dry icr. Solid carbon dioxide, popularly known 
as “dry ice**, accounts for the greatest percent of 
carbon dioxide produced. In most of the larger 
installations in this country, solidification takes 
place directly in a hydraulic press where the blocks 
of dry icc 20 x 20 x 10 inches are formed. The 
blocks arc subsequently cut. up into 10 inch cubes 
weighing approximately 50 pounds each. In one 
method of dry ice press operation, carbon dioxide 
snowing takes place at the triple point and thus 
the evaporated gases arc available for recycle at 
elevated pressures. After the snowing operation is 
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completed, the press oh umber is vented down to 
atmospheric pressure thus releasing more carbon 
dioxide gas for recycle at low pressure. 

The bulk of the carbon dioxide produced in this 
country is in the form of dry ice, most, of which is 
used for preserving food by refrigeration. The ad- 
vantages of carbon dioxide over water ice may he 
summarized as follows: 0 ) higher heat of fusion 
per pound, (2) lower storage temperatures are 
possible, (3) no residual water or brine results from 
melting. Other uses for solid earbon dioxide are 
more or less specialties and do not account for a 
large percentage of its production. They are: 
shrink fitting of machine parts, chilling of alunti 
mim rivets before use in aireraft manufacture, 
chilling golf ball centers before winding, labora- 
tory uses for cooling baths and sample freezing; 
refrigeration of serum and blood bunks in hospital 
uses; “seeding*’ of clouds to precipitate raintall. 

Since carbon dioxide is shipped either as the 
solid or as the liquid in pressure cylinders, it is 
hard to separate the use for the liquid from the 
gas since either form may be obtained from the 
shipped material. Liquid carbon dioxide has been 
used as a refrigerant in mechanical refrigeration 
equipment, however, due to its relative ineili- 
cieucy it is generally only used in applications re 
quiring complete safety to operating personnel in 
case of leakage. It is used in considerable quant i- 
ties in mining operations using the C'ardnx method 
of controlled vaporization blasting. Miscellaneous 
uses include: operation of bell buoys and railroad 
signals ' y the power produced from the expand 
ing gas, inflating life rafts and many others. 

The largest user of gaseous carbon dioxide is the 
carbonated beverage industry. Considerable quun 
tities are also used in (ire fighting equipment. It is 
used by the chemical industry as ail inert gas 
blanket over reaction and storage vessels to pie 
vent, oxidation. Other chemical uses are mentioned 
in the section on reactions above. Miscellaneous 
uses include: air displacement in drying electrical 
cables, hardening concrete specialty products, 
scale removal from water pipes, as a respiratory 
stimulant, testing gas masks and humane killing 
of animals. 

X. C. Ul'DKORAFF 

Physiological Aspects 

Carbon dioxide, which is a by-product of the 
metabolic activity of all cells, is one of the most 
important chemical regulators in the human body. 
It can be truly said that human life wit hout carbon 
dioxide would be impossible. In less specialized 
forms of life carbon dioxide is something to be 
gotten rid of; it is a waste product. In the more 
highly evolved animals, such as man, nature has 
used the gas to regulate the activity of the heart, 
the blood vessels, and the respiratory system. 

Normal air contuins about 0.03% by volume of 
COj . A poorly ventilated room may contain as 
much as 1%. Concentrations of the gAS from about 
0.1 to 1% by volume induce lanquor and head- 
aches; 8 to 10% concentrations bring about death 
by asphyxiation. High concentrations of the gas 
are toxic. 


Resting men who are transferred from breathing 
room air bo u mixture of 4.1% by volume of COs 
in room air show an increase in expiratory minute 
volume from an average of 8 to about 15 liters; 
the respiratory rate increases from 11 to about IS 
per minute; and the tidal volume from 0.500 to 
almost 0.000 liters. If the amount of earbon dioxide 
is iuereased, much greater increases (percentage- 
wise) in the above physiological measurements 
follow: expiratory minute volume, 420; tidal vol- 
ume, 200; respiratory rate, 100. 

As a general rule, the respiration of individual 
cells decreases as the concentration of carbon di 
oxide in the medium increases. Fish show a 
lessened capacity to extract oxygen from their 
environment with increasing amounts of carbon 
dioxide present. On the other hand, many inverte- 
brates show marked increases in respiratory rate 
(or ventilation) with increased amounts of the gas 
in their surroundings. 

I’hotosynthetic and autotrophic, bacteria reduce 
earbon dioxide which is assimilated into complex 
molecules for use in synthesizing various cellular 
constituents. The gas is apparently assimilated, 
at least to a small extent, by the lielemt rophie 
bacteria. Certainly it is required for any growth 
in these forms. Many pathogenic bacteria require 
increased carbon dioxide tension for growth im- 
mediately after tlie\ are isolated from the body. 
The production of hemolysins and like substances 
is greatly enhanced by adding 10 to 20% of ('<)■_. 
in the air w hich comes in contact with the cultures. 

Iii men the average amount of ('()•_■ in the alveo- 
lar air is about 5.5% by volume; during Ihe breath 
ing cycle this concentration varies only slightly. 
In women and children somewhat lower mean 
values obtain. 

# l l he oxygen dissociation curve for blood is 
shifted to the right when the partial pressure of 
carbon dioxide in air is increased. This is referred 
to as the “Bohr Effect”. It means that for a given 
partial pressure of oxygen, hemoglobin holds less 
oxygen at high concent ration of carbon dioxide 
Ilian at a lower. It is evident, then, that the pro- 
duction of carbon dioxide by actively metabolizing 
tissues favors the release of oxygen front the blood 
to the cells where it is urgently needed. Moreover, 
at the alveolar surfaces in the lungs the blood is 
losing carbon dioxide rapidly, which loss favors 
the combination of oxygen with hemoglobin. 

In every 100 ml of arterial blood there is a total 
of 48 ml of free and combined 0O 2 . In venous blood 
of resting man there is about 5 ml more than this. 
Only about. 1 20 of Ihe carbon dioxide is uncom- 
bined, a fact which indicates that there is a spe- 
cialized mechanism, aside from simple solution, 
for the transport of C() 2 in the blood. 

About 20% of the C0 2 in the blood is carried in 
combination with hemoglobin as carbaminohenio- 
fjlobin. The balance of the combi nod carbon di- 
oxide is carried as bicarbonate. A COi dissociation 
curve for blo«*d can be prepared just as for oxygen, 
but the shape is not' the same as for the latter. As 
the partial pressure of CO 2 in the air increases, 
the amount in the blood increases; the increase is 
practically linear in the higher ranges. Oxygen 
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exerts a negative effect on the amount of C0 2 
which can be taken up by the blood. 

Tn working muscles large amounts of (’(), are 
produced. It causes local vasodilation. The dif- 
fusion of some of it into the blood stream slightly 
raises the concentration there. It circulates 
through the body and the capillaries of the vaso- 
constrictor center, where it excites the cells of the 
center, resulting in an increase of constrictor dis- 
charges. If one recalls the stimulating effect of CO . 
on cardiac output, it is evident that a most effec 
tive mechanism exists for increasing circulation 
through active muscles. More blood is pumped by 
the heart per minute and the arterial pressure is 
increased by the general vasoconstriction; blood 
is forced from the inactive regions, under increased 
pressure, through the widely dilated vessels of the 
active muscles. 

Narcosis due to (30s is characterized as follows: 
mental disturbances which may range from eon 
fusion, mania, or drowsiness to deep coma; head- 
ache; sweating; muscle twitching; increased in- 
tracranial pressure; bounding pulse; low blood 
pressure; hypothermia; and sometimes papillo- 
edema. The basic mechanism by which carbon 
dioxide induces narcosis is probably through inter- 
ference with the* ihr.tu ellular enzyme systems, 
which are all extremely sensitive to pH changes. 

Charles (1. Wilber 
Cross-references: Air, liloorf, J’hotuxijnthexix, Ox- 
ide .x, Xoxinus (taxes 


CARBON, INDUSTRIAL 

Industrial carbons can be considered broadly as 
all forms of carbon used for industrial purposes 
excluding, however, carbon used simply as a fuel. 
Under tliis broad definition earhon heroines the 
most important single product type in the inor- 
ganic and allied product field. In 11)52 only eight- 
een inorganic chemicals were produced in the 
IJ. S. in quantities exceeding one million tons. 
Industrial carbon led this list at 73,000,000 tons, 
worth over 1 .5 billion dollars. 

Of minor volume tonnage-wise, a significant 
dollar volume (over $46 million in 1951) of indus- 
trial carbons is consumed as diamond, ballas, 
bort, and carbonado, whose use in abrasives, 
cutting operations, and die-orifices is indispens 
able. 

Naturally Occurring graphite is used for a wide 
variety of applications. The principal ones are 
lubricating, refractories, marking instruments, 
electrical products, corrosion resistant, paints, 
and carbonizing of steel. Crude graphite ore is 
usually processed by air and/or froth flotation to 
remove impurities. Final processing can include 
sizing and/or grinding depending on the applica- 
tions for which it is to be used. The present market 
for graphite is about 27,000 tons per year (1952). 
Total value of this market is $4 million. 

Manufactured industrial carbons are usually 
primary products or byproducts of fuel processing. 
They are used, either as is or after calcining, for a 
variety of purposes. 


Industrial Carbon Haw* Materials 
from Fuel Processing 


Coal 

coke 

char 

tur 

heavy oils 
carbon black 
pitch 

pitch coke 
calcined coal 
de -ashed coal 
Crude oil 
petroleum coke 
distillate oils 


carbon black 
petroleum coke 
residual oils 
carbon black 
petroleum coke 
acid sludge 
acid sludge coke 
Natural gas 
carbon black 
Wood 
charcoal 
pitch 

lignin liquors 
activated carbon 


By far the greatest use of industrial carbon, as 
defined, is in the iron and steel industry, where 
nearly 71 million tons of beehive and slot-oven 
coke were consumed in 1953. The major portion of 
this coke is used in the reduction of iron ore in 
blast furnaces ' *oke produced by slot -oven coking 
of bituminous coal is the principal source of this 
form of industrial carbon, lligh-strengt.h, large 
lump size, low ash, low sulfur, low phosphorus, and 
good reactivity are the major requirements for 
coke used in the manufacturing of iron in the 
blast furnace process. 

Anthracite, calcined anthracile, coal coke, and 
petroleum coke from the destructive distillation of 
residual oils are all used, in combination with coal 
tar pitch, for refractory pot linings, furnace lin- 
ings, carbon bricks, and the like in such industries 
as the electro fining of aluminum, magnesium, and 
for lining of equipment to withstand unusual cor- 
rosion conditions. In this latter application, car- 
bon or graphite pipe is often used for handling 
such chemicals < hot aqueous HC1, IIP, etc. 

Low grade eon! f, okes and chars of noneoking 
coals are used s -mew hat interchangeably with 
calcined ami green petroleum coke in electrother- 
mal processes .or producing elemental phosphorus, 
silicon carbide, and calcium carbide, and in the 
reduction of zinc ore to the metal. In addition, the 
aluminum industry consumes large quantities of 
high grade calcined petroleum coke in the form of 
electrodes in the electrolytic reduction of alumina 
to aluminum. 

Specifications of coke for the production of sili- 
con carbide are not stringent, but. those for coke 
for producing calcium carbide are somewhat more 
exacting. Low moisture (<1.5%), volatile 
v *2.0%), and phosphorus (0. < 1%) are the most, 
important. Ash content of coke for this use can 
run as high as 1%. Apparent density is limited to 
0.84 maximum while lump size should be between 
1 s inch and 1 inch. It. is also desirable that the coke 
or char be reasonably strong. Coke consumed by 
this industry was about 430,000 tons in 1954 or 
about O.fi tons per ton of calcium carbide produced. 

Typical analysis of coke used by elemental 
phosphorus producers is: 6 to 8% volatile; 3 to 5% 
ash; —1" d- ‘s" lump size. Again, strength and 
apparent density are important considerations 
although no specifications are set on theso quali- 
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ties. Coke consumed by this industry was approxi- 
mately 270,000 tons in 1950 or about 1.2 tons of 
carbon per ton of phosphorus. 

Zinc producers use foundry coke to reduce zinc 
oxide to metallic zinc in the retort process. About 

450.000 tons of coke were used in 1952 to produce 

550.000 tons of retort zinc. 

Specifications for petroleum coke used by the 
aluminum industry are very stringent. Moisture 
and volatile content of calcined coke should be 
less than 1 .0%. Ash should be less than 0.«S%, while 
silicon, iron, calcium, nickel, vanadium, and 
titanium content of the coke are all specified at 
levels less than 0.05%. Sulfur content, should be 
less than 2%; for calcined coke, a minimum 
specific gravity of 2.0 is specified. Actually, carbon 
is not the primary reducing agent in this applica- 
tion. However, due to the proximity of the carbon 
electrodes to the high temperature reaction zone, 
the carbon in the electrodes is oxidized in this 
process to the extent that coke consumed by the 
aluminum industry was 600,000 tons in 1952 or 
0.5-0.6 pound per pound of aluminum. In 1955, 
coke consumption is exacted to be more than one 
million tons. 

Fabricated electrodes made primarily from 
calcined petroleum coke hud use in the electric 
arc or electrothermal furnaces for producing 
phosphorus, sulfur, silicon carbide, calcium car- 
bide, magnesium, steel alloys, and many others. 
Consumption of coke by these industries, exclud- 
ing an -light carbons, was about. 120,000 tons in 
1950. 

Charcoal from the destructive distillation of 
hard and soft woods is characterized by high sur- 
face area. This property is the basis for many of 
its industrial uses. This can be either for difficult 
reactions involving carbon, where charcoal pre- 
sents more surface to react than other forms of 
carbon, or in cases where high surface for adsorp- 
tion of colors or catalysts is desired. 

The carbon disulfide industry donsumes an 
average; of 60,000 tons of charcoal yearly (i.e., 
about 30% of total charcoal production), mainly 
of the hardwood type. Specifications for charcoal 
used in the carbon disulfide industry are: low ash 
(2-2.5%), volatile (16-18%), and moisture (<4%) 
content, good lump strength and high bulk den- 
sity. 

Activated carbons consume about 50,000 tons of 
carbon per year (See Carbon, Activated). 

Approximately 800,000 tons of industrial carbon 
worth $110 million are sold annually to the rubber, 
paint, ink, and plastics industries. Ninety percent 
of this volume of carbon goes into rubber (c.g., 
tires) where it acts as a reinforcing agent, increas- 
ing abrasion resistance, and in general improves 
the physical properties of the finished product. 
Major applications for these carbons arc in tires, 
mechanical goods, shoe soles, and heels. (See 
Carbon Black). 

In summary, industrial carbons are vital raw 
materials for any modern industrial economy. 
The discovery of large new uses for industrial 
carbons is not imminent, but present uses for in- 
dustrial carbons are expanding, particularly in 
such industries as aluminum and phosphorus, 


which have grown at an unusual rate in the last 
few years. The largest, single volume increase in 
demand for industrial carbons will be in the steel 
industry, where each one percent, increase in steel 
production will require nearly one million tons of 
additional carbon. 

At the present time increased demand for in- 
dustrial carbons will be related closely to the pre- 
dicted increase in gross national production which 
is approximately 4% a year. 

C. A. Storks, K. N r . Hkcord and Hanna 
Friedenhtkin 

Cross -references: Coal and Coke, Carbon (Acti- 
vated), Calcination , Graphite 


CARBON MONOXIDE 
Chemical Aspects 

Carbon monoxide, CO, is a colorless, loxie gas 
with a peculiarly faint odor, in 1776 hassone pre- 
pared the gas by heating charcoal with zinc oxide. 
Twenty four years later Cruiekshank established 
the composition of carbon monoxide. It is used 
extensively as a reducing agent, an intermediate 
for the syntheses of a variety of nrganie com- 
pounds and in mixtures with other gases as fuel. 

When combustion of carbonaceous materials 
takes place in an insufficient supply of air, carbon 
monoxide is produced. It is present in some fur- 
nace gases, the exhaust gases from gasoline engines 
and some volcanic gases. Manufactured fuel gases 
contain carbon monoxide as a principal constitu- 
ent .. 

Preparation. Carbon monoxide, l>eiiig in one 
of the lower oxidation states of earbon, is usually 
prepared either by high temperature reduction or 
partial combustion processes. Some of the high- 
temperature reduction methods are reduction of 

(1 ) oxides of zinc, iron or manganese with charcoal, 

(2) barium carbonate with carbon, (3) calcium 
carbonate with zinc nr carbon, (4) carbon dioxide 
with zinc, iron, carbon or methane, and (5) steam 
with coke or methane. Partial combustion of coal, 
coke or methane yields carbon monoxide. 

Carbon monoxide is also prepared by the degra- 
dation of selected compounds. Sulfuric or fuming 
sulfuric acid decomposes carboxylic acids like 
formic, oxalic, pyruvic and other alpha-ket.oaeids, 
glycollic, lactic, malic, citric, and trimethyl acetic 
aoids and other compounds like hydrogen cyanide, 
formamidc and potassium ferrocyunide with for- 
mation of carbon monoxide. Methanol is decom- 
posed to carbon monoxide and hydrogen when 
vaporized at elevated temperatures cfver catalysts 
containing copper oxide and chromium oxide, or 
zinc oxide and chromium oxide. Mejthyl formate; 
may be decomposed by warming in the presence 
of sodium methoxide to form essentially pure car- 
bon monoxide. 

Commercial quantities of carbon monoxide are 
produced either by gasification of coal or coko or 
by partial oxidation of hydrocarbon gases. Per- 
haps the largest source is the gases produced from 
coal or coke by reaction with steam (water gas) 
and air (producer gas, blast furnace gas) or by 
heating (eoke oven gas). All of these gases contain 
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varying proportions of components as indicated 
below. 


Compositions ok Typical 
Industrial Cases 



Blue Water 

Producer 

Blast- Fur- 

Coke Oven 

Com|x>nent 

Carbon 

lias. % 
by Vol. 


nace Gas, v \ 
by Vol. 


monoxide 
Carbon di- 

37.8-42.8 

22.0-26.0 

26.2 27.6 

5. 0-6. 8 

oxide 

3. 0-6.0 

2.5-8. 7 

10.0-3.0 

1. 5-7.3 

Hydrogen 

49.2 51.8 

3.0-13.2 

3. 0-3. 5 

47.3-57.0 

Oxygen 

0. 1-0.6 

0.0 0.8 

0.1 1.0 

0.2-0. 6 

Nitrogen 

1. 0-4.3 

55.2-58.8 

56.0 58.0 

3. 4-6.0 

Methane 
Illuminati to 

0.4-0. 8 

0.4-2. 6 
0.0-0. 4 

0.2-0. 6 

27.0 33.0 
2.6- 5.5 


Water gas is most frequently used as a source of 
pure carbon monoxide or carbon monoxide-hydro- 
gen mixtures. Higher proportions of carbon 
monoxide may be obtained by substitution of car- 
bon dioxide for steam : 

11 2 0 + C - CO + II , 

CO 2 + C -> 200 

Purification. operations are required 

to obtain pure cafbon monoxide from manufac- 
tured gases. Water scrubbing at atmospheric pres- 
sure or at 15 atm. it* moves suspended solids, am- 
monia, hydrogen cyanide, higher molecular weight 
sulfur compounds like thiophene, carbon dioxide 
and hydrogen sulfide. Scrubbing the gases with 
aqueous caustic or aqueous ethanohunine solutions 
removes acidic gases like carbon dioxide, hydrogen 
sulfide, carbon disulfide and carbonyl sulfide. 
Light oils and tars are removed from coke-oven 
gas by condensation, electrostatic precipitation 
und oil -scrubbing 

Liquefaction and absorption in aqueous so- 
lutions of cuprous salts are the methods usually 
employed for final purification of carbon mon- 
oxide. These methods are operable only with gases 
that contain no or insignificant, quantities of inert 
gases like nitrogen. Water vapor and carbon di- 
oxide must be removed prior to liquefaction, 
otherwise plugging of the equipment would result. 
Traces of nitric oxide must he avoided because it 
reacts to form explosive compounds at liquefac- 
tion temperatures. 

The absorption method employs either an acid 
solution of cuprous chloride or an ammoniacal 
solution of cuprous carbonate or formate. Absorp- 
tion is effected at ordinary temperature under a 
pressure of approximately 200 atmospheres. Car- 
l>on monoxide is recovered by releasing the pres- 
sure and heating the solution above 40°C. The gas 
may be purified further by a second cycle and is 
then scrubbed with water to remove hydrogen 
chloride or ammonia, anti dried. 

Detection. Methods employed for the detec- 
tion of carbon monoxide are based either on its 
reducing property or its ability to form com- 
plexes. There are various methods available for 
quantitative estimation. In concentrations above 
0.2 volume %, acetylene, ethylene, other un- 
saturates, and carbon dioxide are removed and 


the carbon monoxide is absorbed in an aqueous 
solution of acidified cuprous chloride, an am- 
moniacal cuprous salt, or a commercial reagent 
known as “Co-sorbent”, in an Orsat or Bureau of 
Mines apparatus. 

Physical I Properties. There are two solid forms 
of carbon monoxide with a transition temperature 
of — 211.0°C, m.p. -200 to — 205°C, b.p. 
— 191.5°C, crit. temp. -138.7°C, crit. press. 34.6 
atm., crit. density 0.311 gram/cc. The vapor pres- 
sures of the liquid in atmospheres at certain tem- 
peratures in °C are: 1, -101.5; 6.7, -170; 20.9, 
-150; 35, -139. 

The viscosity (10 6 poise) of gaseous carbon 
monoxide varies with the temperature (°C) as 
follows: 56.1, -191.5; 127, -78.5; 166, 0; 172, +15; 
210 , + 100 . 

The density of the gas at 0°C and 1 atmosphere 
is 1.250 grams/liter. For the liquid, d 4 -iw is 0.814. 

Up to T = 3000°K the heat capacity of carbon 
monoxide in gruni-cal ./gram-mole at constant 
pressure may be calculated from the expression. 
C P = 6.055 + (2 4136 X 10 ~*T) - (5.478 X 10 7 Y’*). 
Similarly, the heat capacity at constant volume is 
given by the following expression where t — °C: 

Cr - 4.970 + (1.7 X 10-«0 + (3.1 X 10 7 P). 

Its dielectric constant is 1.00070 at 0°C, and 
1.00263 at — 189°C. The thermal conductivity is 
5.14 X 10 5 cal. /see. /sq. cm./°C/cm. at 0°C. The 
compressibility may be obtained by means of the 
van der Waals constants, a =* 2.96 X 10 3 , and 
b - 1.72 X 10 \ Its dipole moment is low, 0.12. 

Carbon monoxide is practically insoluble in 
water. At 0°C 100 g. of water dissolves 0.0044 
grams, while at 100°(\ 0.0000 gram. Its solubility 
is only several times greater in common orgunic 
solvents. 

Thermodynamic properties determined by Clay- 
ton and Ciiauqiu arc: heat of transition 151.3 db 1 
cal. /gram-mole; -ntropy change on transition 
2.457 cal./gram-ui de/°K; heat of fusion 199.7 =fc 
0.2 cal. /gram -mole; entropy change on fusion 
2.933 eal./gram-inole/°K; heat of vaporization 
1443.6 =fc 1.0 cal ./gram -mole; entropy change on 
vapoiation 17.089 cal. /gram- mole/ °K; heat of 
formation from the elements = —26,620 

cal ./gram -mole; free energy of formation from the 
elements 1 * -33,000 cal./gram-niolc; 

standard entropy 47.316 cal. /gram -mole/°K. 
Rossini gives for the heat of combustion A// 2 »ti.i = 
—67,623 ± 30 cal. /gram-mole. 

Chemical Properties. The inertness of carbon 
monoxide at ordinary temperatures and in the ab- 

nee of catalysts or light is not surprising since 
its valence electronic structure is similar to that 
of the nitrogen molecule. At elevuted tempera- 
tures, carbon monoxide is a potent reducing agent. 
Its availability at low cost, its reducing power and 
its versatility in catalytic addition reactions make 
carbon monoxide a valuable chemical in many 
commc re i al operations . 

Stability. Carbon monoxide is stable with re- 
spect to decomposition into carbon and oxygen. 
However, it dispro;>ortioiintes into carbon dioxide 
and carbon at temperatures as low as 35°C over 
palladium deposited on silica gel. In the tempera- 
ture range of 400-700°C almost any surface is 
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sufficiently active to give copious deposits of car- 
bon. Above 800°C. the equilibrium favors for- 
mation of carbon monoxide. 

Carbon monoxide burns with a bright blue flame 
to produce carbon dioxide. The reaction with 
oxygen is slow below 650°C in the absence of cata 
lysts. At higher temperatures or when initiated 
with a spark, mixtures of carbon monoxide and 
oxygen containing trace quantities of water will 
explode. A catalyst containing oxides of copper 
and manganese, known as “hopeulite”, has been 
used in gas masks to oxidize carbon monoxide to 
the harmless dioxide. 

Carbon monoxide reacts reversibly with steam 
to produce carbon dioxide and hydrogen. The 
equilibrium constant of this reaction, the so-called 
water gas reaction, = (Pro X Pino/OVo* X 
P„ s ), varies with temperature, r O, in thi fol- 
lowing manner: 226.0°C, 0 . 00 S; 426.9, 0.112; 626.0; 
0.450; 1126.0, 2.17; 1526.0, 3.63. 

Reduction of metal oxides. At. temperatures from 
300-1500°O, carbon monoxide* reduces many metal 
oxides to lower metal oxides, metals or metal 
carbides. Among the metals whose oxides are so 
reduced are cobalt, copper, iron, lead, manganese, 
molybdenum, nickel, silver and tin. An interesting 
synthesis of A1CU comprises reaction of CO und 
Cl 2 with A 1*0 s in the presence of alkali. Carbon 
monoxide is the active agent, along with finely 
divided carbon formed by disproportionation, for 
the reduction of iron ore in the blast furnace. At 
temper it.ures above 000 °C iron carbide, Ft» 3 0 , is 
forme, by the reaction of CO with Fe 2 () a . 

Metal carbonyls. The alkali and alkaline earth 
metals as well as certain of the heavy metals com- 
bine with carbon monoxide. The former appear to 
give salts, some of which are explosive, and the 
latter give true carbonyls. (See Carbonyl Com- 
pounds) 

Miscellaneous inorganic reactions. Chlorine and 
bromine react with carbon monoxide under the 
influence of light or charcoal catalyst to produce 
phosgene, COCU , and carbonyl bromide. No reac- 
tion occurs with iodine, but carbonyl fluoride has 
been prepared by the uclion of AgF* on CO. The 
phosgene synthesis is highly exothermic, and is 
therefore favored by temperatures below 350°C. 

Carbon monoxide reacts slowly with liquid 
sulfur and rapidly with the vapor to form carbonyl 
sulfide, COS. 

Aqueous bases absorb carbon monoxide at ordi- 
nary and elevated temperatures with formation of 
formate salts. Sodium, potassium and ammonium 
formates are produced in this manner. The reac- 
tion is rapid at 200°C and high pressures. 

Formic acid may be synthesized by addition of 
carbon monoxide to water: 

H*0 + CO^ IICOOH 

The reaction is catalyzed by strong acids (HC1, 
1I*H0« , H 1 PO 4 ) at 150-250°C, but for production 
of reasonably high concentrations of formic acid 
pressures from 1,000 to 3,000 atm. are required. 

Reactions with organometallic compounds. Rather 
complex reactions occur with Crignard reagents 


and carbon monoxide. Acyloins, alpha- diketones 
and olefins have been isolated. Kthvlmagnesium 
halide with carbon monoxide gives butene -2 in 
yields up to 70% of theory, alpha Diketones and 
acyloins are formed from Crignard reagents do 
rived from tertiary halides. Ketene is formed 
from iodomethylmagnesium iodide and carbon 
monoxide. Sodium alkyls react with carbon mon- 
oxide yielding ketones, tertiary alcohols and 
other compounds. See Orguiiomctallic Com- 
pounds. 

Reactions of carbon monoxide and hydrogen. 
Products resulting from hydrogenation of carbon 
monoxide vary widely depending on catalyst s and 
conditions employed. An almost infinite variety 
of organic compounds, including methane, ben- 
zene, paraffins, olelins, paraffin waxes, hydrocar- 
bon high polymers, methanol, high alcohols, 
ethylene glycol, glycerol and other oxygenated 
compounds may ho obtained. 

Reactions of carbon monoxide and alcohols. De- 
pending upon the catalyst and conditions em- 
ployed, carbon monoxide adds to alcohols to 
produce either formate esters or carboxylic acids 
and their esters. In the presence of alkali alk- 
oxides, formate esters are produced. The reactions 
are reversible, and the direction taken is a function 
of the pressure at temperatures in the range of 
50-250°C. When acidic catalysts are employed, the 
carbon monoxide is introduced into the alcohol 
between the () and C atoms resulting in the pro- 
duction of carboxylic acids and esters. 

Reactions with organic halidts. Hydrogen fluoride 
with boron fluoride as well as nickel c^rlmnyl arc 
effective catalysts for the addition of carbon mon- 
oxide to organic halides. When water is employed 
along with hydrogen fluoride and boron fluoride, 
carboxylic acids are produced. Acid fluorides are 
obtained in yields of approximately 80% when 
secondary chlorides or bromides are processed 
with carbon monoxide at —28 to IS C and 600 
atm. pressure in the presence of anhydrous hydro- 
gen fluoride and boron fluoride. 

Addition to dienes. Substituted 1 ,3 butadienes 
undergo the Diels-Aldcr reaction with carbon 
monoxide at high temperatures and pressures. 
3-Methvl 3-eyelopentcnone is the product from 
isoprene and 3,4-dimethyl 3-cyclopenteiione, from 
2,3-dimet hyl -1 ,3 butadiene. 

Reactions with hydrogen and olefin ic compounds. 
In recent years the discovery that aldehydes and 
alcohols can be prepared in high yields from ole- 
fins, carbon monoxide and hydrogeii, opened an 
interesting field of organic synthesis. This syn- 
thesis method is of importance in that, it provides 
easy access to certain compounds and is of great 
practical value in industry. (See Oxo Process) 

In the presence of either acidic catalysts or cer- 
tain metal carbonyls, olctinic compounds, carbon 
monoxide Mid compounds containing active 
hydrogen atoms such as water, alcohols, phenols, 
carboxylic acids* and ammonia or amines react to 
give carboxylic acids, esters, aryl esters, car- 
boxylic acid anhydrides, and amides, respectively. 
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CH a — Gil, + CO + 

HoO - CIIaClItOOOH 
CH.OH - C2H,CJHiCOOCII, 
CJT»<>I1 — CHaCIIaaXlCaHa 
ClhnUCOOH -> (CH a 0H*CO)>O 
,MIa * CHaCIIaC^OXHt 

Boron fluoride, phosphoric acid and nickel car- 
bonyl appear to be the most clToctive catalysis. 

Reaction * with acetylenic compound s. In 1030, 
Heppe, at. the I. <). Furhouitidustric in Germany, 
discovered that compounds containing active hy 
drogen and carbon monoxide can be added to 
acetylenic compounds to produce acrylic acid and 
derivatives. 

H(2=CII | CO 4- llaO - > CII~=('|IC001I. 

In addition to acetylene, substituted acetylenes, 
diacetylenes, alkynols, and acetylenes containing 
ether, ester, amine or mercaptan groups are oper- 
able. Other compounds containing active hydro 
gen atoms such as alcohols, thiols, carboxylic acids 
and ammonia or amines yield esters, tliiocsters, 
anhydrides and amides of acrylic acid or deriva- 
tives, respectively. (See Wetjlcnc) 

M iscrllancouK organic reactions. Aliphatic ethers 
with carbon monorvle or carbon monoxide and 
water can be brought into reaction to give esters 
or acids. With dimethyl ether in tin*, presence of 
boron fluoride and water at 200-300'C and 700 
atm. pressure acetic acid and methyl acetate are 
formed. Of particular interest is the synthesis of 
adipic acid from tetrahydrofuran, carbon mon- 
oxide and water. The reaction is carried out at 
about 200"C and '200 atm. pressure in the presence 
of Nils and \i(C()h using platinum lined equip- 
ment-. Chopper and silver lined equipment convert 
tin 1 iodine to inactive iodides. 

Formats react- with carbon monoxide in t lie; 
presence of boron fluoride or other strong acids at 
20 50°(\ and 500-700 atm. pressure to produce 
esters of alkoxy -substituted esters. 

(HljOCIIsOCITa f CO ► CH 3 <>CIl 2 e(K>CH 3 
At 1 25-300 °0. and SIX) 2.<X)0 atm. pressure with 
cobalt catalysis, formats react with carbon mon- 
oxide and hydrogen to give alkoxy-aldehydes, 
with excess alcohol higher alkoxy acetals 

When aqueous formaldehyde is brought into 
contaet with carbon monoxide at 125-225 °( - and 
800-000 at in., and a strong acid (IIC1, IljSth , or 
HaPO-i) glyeollie acid is produced. This synthesis 
is used commercially : 

' CHsO 4- (20 + HaO -+ llOCKjCOOH 

Ketones under comparable conditions yield sev- 
eral carboxyl ie acids. 

2CH.(XK2II, 4- (20 + 11.0 -♦ (Cir 3 )COOOH 

4- CHaCOOlI 

Copolymers of ethylene and carbon monoxide 
are prepared at high pressures and temperatures 
with the use of free radical initiators. The ratio of 
ethylene to carbon monoxide in the polymer can 
bo varied widely. 
nXCHr^GU* + mYCO 

— (— (CHrf2II«),--(00), -•)■ 

At 200 -300 atm. and about 180°C carbon monox- 
ide and hydrogen react with alcohols in the pres- 


ence of cobalt carbonyl to produce higher lioni- 
ologs. From methanol chiefly ethanol, some 
a-propyl and n butyl alcohols are formed. When 
the pressure is raised to 3,000 atm., propylene 
glycol and its ethers are the chief products along 
with the higher homolog of the alcohol. 

Uses. It is difficult to estimate the quantity of 
carbon monoxide eonsumed in industry. Un- 
doubtedly the largest quantity is utilized as mix- 
tures with hydrogen and other gases for industrial 
and domestic healing, and for the* reduction of 
ores. An interesting example of its application is 
the Mond process for the recovery of nickel from 
ores containing iron, cobalt, and copper. After the 
ore is concentrated and reduced with water gas at 
300°C, it is t routed w ith 80% CO at 50-100°C which 
converts nickel to its volatile carbonyl, Ni(C()) 4 . 
The. vapor is removed and decomposed on metallic 
nickel pellets at 180°C as metallic nickel. 

Smaller but substantial quantities of carbon 
monoxide are used in the manufacture of a variety 
of chemicals, such as olefins, waxes, methanol and 
higher alcohol- , formic acid, acetic acid, glyeollie 
acid, propionic acid, acrylic acid and esters, 
methyl formate, and butyraldehydes. from which 
innumerable derivatives may be produced. 

Metal carbonyls, especially iron carbonyl, are 
manufactured for conversion by t hermal decompo- 
sition to metal powders of high purity, which can 
be molded into complex articles by powder metal- 
lurgical techniques. 

There continue to lie extensive explorations of 
the reactions of carbon monoxide with organic 
compounds. Undoubtedly, this presages more ex- 
tensive industrial applications of carbon mon- 
oxide in the future. 

W i i.i.i a m F . ( 1 rhsi i a M 

Physiological V^pccls 

Carbon monoxide is toxic to warm-blooded ani- 
mals. Because of jt-s extremely faint, odor and taste, 
its lethal capacity can be insidious. The ordinary 
charcoal-filled gas mask is useless for filtering out 
carbon monoxide from contaminated air. Persons 
who are required to enter areas contaminated 
with carbon monoxide (firemen, rescue workers, 
maintenance men) must be provided with closed 
circuit breathing apparatus which delivers oxygen 
through a mask to the wearer. This is essential in 
atmospheres which contain more than 2% by vol- 
ume of carbon monoxide. In atmospheres which 
contain less, an ordinary gas mask can bo used for 
*!iort periods, if it is lilted with a special canister 
idled with hopcalite, a mixture of metallic oxides 
which serve to catalyze the oxidation of carbon 
monoxide to carbon dioxide. The reaction is exo- 
thermic and such canisters become very hot in use. 

Carbon monoxide is physiologically quite inert, 
except for its strong combination with hemoglobin 
in the blood. It has no unit pie toxic action on any 
of the bodily tissues. As Henderson and Haggurd 
point out : “Were it not- for this one reaction ear- 
lion monoxide would be classified with nitrogen 
and hydrogen as a simple asphyxiant *\ The affin- 
ity of carbon monoxide for hemoglobin is about 
300 times that of oxygen. 

The reaction between carbon monoxide and 
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hemoglobin is reversible: 

HbOj + CO ^ llbOO + 0 2 

* ‘Carbon monoxide displaces oxygen from hemo- 
globin, and in turn oxygen may displace carbon 
monoxide from its combination. Red corpuscles, 
in which the hemoglobin has been joined to carbon 
monoxide and then freed from the combination by 
means of oxygen, are not injured; they are capable 
of transporting oxygen as if they never had been 
exposed to the other gas. But so long as the combi- 
nation with carbon monoxide continues they are 
incapable of fulfilling their respiratory function. 11 
Consequently, they cannot transport adequate 
oxygen to the various bodily tissues. Progressively 
severe anoxia results. Unfortunately-, the victim 
is all too often unaware of his danger. Mechanical 
efficiency, e.g. driving a car, may persist until 
poisoning has advanced almost to the possibility 
of unconsciousness. 

Death from inhalation of carbon monoxide can 
be summarized as follows: (1) reduction of the 
oxygen -carrying capacity of the blood due to the 
formation of HbCO; (2) tissue anoxia, especially 
in the brain, which is very sensitive to lack of 
oxygen; (3) consequent depression of respiratory 
center in the bruin and decrease in respiration; 
(4) failure of the heart due to inadequate oxygen 
supply. 

Carbon monoxide is absorbed into the body only 
through the alveoli in the lungs. It docs not enter 
thru the eyes, mucous membranes, cuts, or upper 
respiru ory tract. 

Tolerance Limits. On the basis of numerous 
experimental studies, the tolerance limits for tin; 
average man have been established. The following 
scries of equations gives a ready method for esti- 
mating the safety of any carbon monoxide-air 
mixture under conditions of rest. Timers given in 
hours and concentration of carbon monoxide in 
parts per 10,000 of air: 

a. Time X concentration = 3 (no perceptible 

effect). 

b. Time X concentration =* 6 (a just perceptible 

effect). 

c. Time X concentration = 9 (headache and 

nausea) . 

d. Time X concentration = 15 (dangerous). 

Muscular activity or increased respiratory minute 
volume reduces the value in equation a to 1, 2, or 
less; it influences the other equations in like mun- 
ner. 

Drinker gives data on which the following table 
of allowable concentrations for carbon monoxide 
in air is based: 

Concentration of Carbon 

Monoxide in 


Per cent 

Parts per 
10,000 

Effect 

0.01 

1 

No symptoms for 2 hours 

0.04 

4 

No symptoms for 1 hour 

0.06-0.07 

6-7 

Headache and unpleas- 
ant symptoms in 1 
hour 

0.1 -0.12 

10-12 

Dangerous for 1 hour 

0.35 

35 

Fatal in less than 1 hour 


As a safe rule, based on sound experiments and 
experience, concentrations of carbon monoxide 
above 0.01 percent, or 1 part per 10,000, should not 
be permitted in houses, garages, laboratories, or 
industrial plants where prolonged exposure to the 
gas may be experienced. 

Chronic Effects. There is no such physiological 
entity as “chronic carbon monoxide poisoning”. 
The gas is not a cumulative poison; it is readily 
removed from the blood when the victim is ex- 
posed to pure air or oxygen. 

After a severely acute exposure, the victim 
usuully dies in about 36 hours or he recovers com- 
pletely after a few days. The alleged chronic 
damage to man from carbon monoxide poisoning 
stems from prolonged cerebral anoxia which was 
seven; enough to cause permanent brain damage 
but not severe enough to kill; it is not caused by 
retention of carbon monoxide in the body. 

Treulment. The treatment of carbon monoxide 
poisoning depends on removal of the victim from 
the contaminated atmosphere, administration of 
artificial respiration, and inhalation of pure oxy- 
gen by the patient. If a good mechanical respirator 
is available, it can be used to advantage. In the 
absence of such device, air can be pumped into the 
victim’s lungs by the Nielsen method of resusci- 
tation, which is an arm lift-back pressure pro- 
cedure. It is now the accepted method for ad- 
ministering artificial respiration in the Army, 
Navy, and Air Force. 

The use; of oxygen is essential for effect ive t reat- 
inent. From the purely academic point of view, it 
mighjt be argued that the addition of 5 to 7% 
carbon dioxide to the oxygen will result in more 
efficient resuscitation. On the practical level, 
however, there is little to justify the use of carbon 
dioxide during resuscitation. 

Drugs are of little use and may even be danger- 
ous. Under no circumstances should a patient, who 
is recovering consciousness after carbon monoxide 
poisoning la; permitted to arise and walk about, 
lie must be kept in a prone or supine position; 
every effort must be made to keep his oxygen re- 
quirements tit a minimum. 

Charles CJ. Wilber 
Croaa -reference*: Acetylene, Carboxylic Acids , 
Olefin Com pounds. Carbonyl Compounds , Noxious 
Gases 


CARBONYL COMPOUNDS 

The compounds containing the divalent 0=0 
group, or carbonyl group , if considered together 
solely on this basis, undoubtedly comprise the 
largest and most important single clgss of organic 
compounds. Not only is u very large number of 
such compounds known, but these include many 
diverse types of substances, such ns the proteins 
and amino acids, sugars, many perfumes and 
flavoring materials, medicinals and antibiotics, 
plastics like “Bakclite”, “Textolite”, “Lucite”, 
and “Vinylite”, paint resins such as the alkyds 
and “Glyptals”, fibers such as silk, wool, rayon, 
nylon, and “Dacron”, and many solvents and 
chemicals of industrial importance. 



185 


CARBONYL COMPOUNDS 


The oarbonyl group may be considered most 
simply as a product of the oxidation of a hydro 
carbon unit, —CHr— or — 01I a , although for eco- 
nomic reasons the introduction of a carbonyl 
group into an organic molecule generally is ac- 
complished through the oxidation of an alcohol 

I 

group — COII rather than by the direct oxidation 

I 

of a hydrocarbon. This oxidation of alcohol groups 
to carbonyl groups may be accomplished directly 
with oxygen at elevated temperatures in the pres- 
ence of catalysts, by chemical oxidizing agents 
such as the permanganates, or by bacterial proc- 
esses as in the production of vinegars. A few proc- 
esses involve the reduction of more highly oxidized 
carbon compounds to carbonyl compounds, as in 
the chlorophyl -catalyzed photochemical reaction 
of carbon dioxide and water in living plants to 
form sugars. It should be remembered, however, 
that many important carbonyl compounds contain 
other functional groups in addition to the carbonyl 
group, and that the syntheses of such compounds 
often will employ simpler carbonyl compounds as 
starting materials. 

We may divide compounds containing the car- 
bonyl group into, a* f* w very general classes, de- 
pending on the nature of the two groups attached 
to the carbon atom of the carbonyl group. In all 
except, a few compounds, the carbonyl group is 
attached to at. least one organic group (designated 
generally as It in the examples below). For con 
venience, wc refer to a functional group compris- 
ing a carbonyl group attached to one organic 
group |lt(C— -O) | as an aryl group, and to spe- 

cific examples such as the acetyl group ICIla- 
(C—O) — 1, or the benzoyl group |C 6 li:,(( ■—())■ |. 

In the aldehydes, at least, one of the attached 

II 

groups is a hydrogen atom, and the group --C=() 
is known as the aldehyde group. In all aldehydes 
except formaldehyde, HOIIO, the carbonyl group 
also is attached to an organic group, as in acetal- 
dehyde, CHsCHO, or bonzaldchyde, OJlsOIlO. 

The ketones are compounds in which the ear 
bonyl group is attached to two organic groups. 
These; may be the 1 same, as in acetone. 
ClIaCOOHa , or different, as in acetophenone. 
CnHfi(X)ClIa . When present in a ketone, the car- 
bonyl group is sometimes referred to as the keln 
group. 

In more highly oxidized derivatives, the car 
bonyl group is attached not. only to an organic 
group but. ulso to oxygen, through which it may 
lie linked to other groups. These include hydrogen 
as in the organic acids |U(0=<)) — <)H|, acyl groups 
as in the acid anhydrides |R(O=0)- -O (('=0)111, 
or t.» organic groups as in the esters |K(0— <>) 
OR'l- In formic acid, HCOOH, and itw derivatives. 
11 is hydrogen rather than an organic group. 
Common examples of compounds of these types 
are acetic acid, CIIaCOOH, benzoic acid, OJI»- 
COOII, and ethyl acetate, CH 3 COOC 2 H fi . The 
— COO — group is known as the carboxyl group. 

Other derivatives of the acyl group include the 
acid (or acyl) halides, such as acetyl chloride, 
CHsCOCl, and the acid amides , such as acetamide, 


CH3CONII2 . A very important compound related 
to the amides is urea, (NII 2 ) 2 CO. 

It should be appreciated that organic com- 
pounds can contain more than one carbonyl group, 
and that such groups may differ in functionality. 
For example, the common compound aspirin is 
acctylsalicylic acid, which is at once both an acid 
and an ester. In oxalic acid, (COOH) 2 , both car- 
bonyl groups have the same type of functionality. 

The chemical behavior of the carbonyl group de- 
pends upon the nature of the groups attached to 
it. In some types of compounds the carbonyl group 
generally is an active participant in chemical reac- 
tions, as in the aldehydes and ketones, while in 
others such as the organic acids and their deriva- 
tives, its primary action is to modify the func- 
tionality of neighboring reactive groups. 

In the aldehydes and ketones, the carbonyl 
group is characterized by its unsaturalion, and it 
is able to add a variety of reagents. This sort of 
reactivity resembles that of the carbon-carbon 
double bond, or olefinic linkage, but is somewhat 
greuter because of the polar nature of the oxygen 
atom. Owing to the presence of the hydrogen at- 
tached to tin; carbonyl carbon, the aldehydes are 
considerably more reactive in general than are the 
ketones. 

The aldehydes arc very readily oxidized to the 
corresponding acids, and are intermediates in the 
oxidation of alcohols to acids. A very sensitive 
test for the aldehyde group, and one which often 
is used to indicate the presence of sugars (some of 
which are aldehydes), is the oxidation reaction 
wit h cupric ion in Folding's solution. Ketones are 
less reactive toward oxidation and require more 
vigorous reaction conditions; they do not react 
with Folding's solution, for example. In the oxi- 
dation of a ketone, two or more different, organic 
acids will be fouued depending on the nature of 
the groups origie.dly attached to the. carbonyl 
group. The rcduc Ion of a ketone leads to a second- 
ary alcohol (KCllOllin, whereas the reduction 
of an aldehyde leads to a primary alcohol 
(IKiloOll). The reduction of un organic acid 
leads first to an aldehyde, then to a primary 
alcohol. 

Of very great importance are the polymerization 
and condensation reactions exhibited by the alde- 
hydes and, to a lesser extent, the ketones. In 
condensations of the aldol type, there is a transfer 
of hydrogen between molecules, from the carbon 
adjacent to the carbonyl group on one molecule 
(or from the carbonyl group in formaldehyde) to 
.’•»» carbonyl group on an adjoining molecule of 
aldehyde, thus forming an alcohol group and a 
carbon-carbon bond between the two molecules. 
The new molecule thus formed is both an aldehyde 
and an alcohol; hence the; name aldol . This process 
can be repeated to build up more complex mole- 
cules. It is believed that, the synthesis of sugars in 
living plants occurs by the condensation of simpler 
units, such as formaldehyde, through processes of 
this sort. The sugars then arc converted into more 
highly condensed products such as the starches 
anti cellulose. The simpler sugars include both 
kelo and aldo types. In different types of reaction, 
the condensation of aldehydes, and formaldehyde 
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in particular, with phenols, with urea or deriva- 
tives thereof, or with casein, occurs readily to 
form resinous materials that are widely used in 
the plasties industries. One of the oldest and most 
common of these is “Bakelitc”. In the presence of 
strong acids, aldehydes nmv condense to form 
cyclical polyethers; some of these, such as para- 
formaldehyde, paraldehyde, and metaldehyde, are 
well-known articles of commerce. A number of 
industrial products and important chemical in 
termediates are prepared by the rearrangement of 
ketones. 

in many of the reactions of aldehydes and 
ketones, and to a lesser extent organic acids, the 
reactivity of hydrogen atoms on carbon atoms 
adjacent to the carbonyl group becomes important 
through a process known as eiiolization , in which a 
hydrogen transfers from the adjacent carbon atom 
to the oxygon of the earbonyl group, leaving a 
double bond between the twoearbon atoms. In the 
mol form, the hydrogen is highly reactive and very 
readily replaced by a variety of reactants; a 
molecular rearrangement, follows such substitu- 
tion in many cases. Aldehydes and ketones which 
have no hydrogen atoms on carbon atoms adjacent 
to the carbonyl group must remain in the knto 
form; such compounds are considerably less reac- 
tive and do not. exhibit many of the reactions 
ordinarily characteristic of aldehydes or ketones. 

In the organic acids and their derivatives, the 
primary function of the carbonyl group is to 
modif the reactivity of other attached groups. 
Thus for example, the functional hydrogen atom 
in acetic acid, CILCOOU, is moderately acidic 
owing to the presence of the adjacent carbonyl 
group, and exhibits a number of reactions charac- 
teristic of acids, such as ionization in water, and 
the formation of salts, whereas the functional 
hydrogeti in ethyl alcohol, rib(!ll s 0il, is essen- 
tially neutral. Similarly, the acyl halides, RCO.X, 
are very reactive compounds, being readily hydro 
lyzod by water to form organic acids and hydrogen 
halides, whereas most of the alkyl halides, 
KClljX, are practically inert to water under 
ord i n ary con d i t ions . 

One of the more important reactions of acids, 
and also of acid halides, is esterification. The reac- 
tion of an acid or acid halide with the hydrogen of 
an alcohol group results in the elimination of 
water or hydrogen halide and the formation of an 
ester, e.g. ItCOOII f- It'OH -► 11,0 + RCOOK'. 
This sort of reaction is used on a large scale in- 
dustrially for the preparation of polyester resins* 
and synthetic fibers such as Dacron, as well as for 
the preparation of a variety of chemical specialties 
and intermediate's. It. may be considered as very 
roughly analogous to the neutralization reaction 
of an acid with a base. 

In the amino acids, which are of the greatest 
importance since they are the basic units in the 
structures of animal and plant proteins, the amine 
group — Nil, is present in place of one of the hy- 
drogen atoms on the carbon atom adjacent to the 
carbonyl group, e.g. glycine, or aminoacetic acid, 
NlL 2 (Hf sCOOH. Since the umino acids are ampho- 
teric, i.e. both acids and bases, they can undergo 
an unusual variety of chemical reactions, the 
amine group and the carboxyl group acting either 


separately or together. One of the basic linkages 
in the structure of proteins is the peptide, or 
amido, linkage — NIIOO -, which joins amino acid 
groups together into large polymeric molecules. 
This linkage is closely related chemically to the 
acid amides. 

Dallas T. IIuho 

Metal Carbonyls 

Carbonyls of heavy metals may be divided into 
two classes: those that contain only one metal 
atom in the molecule and those that contain two. 
Nickel carbonyl is known to be extremely toxic. 
Care should In; exercised in handling all metal 
carbonyls. In the formation of metal carbonyls 
the electron pair of the carbon atom coordinates 
with the metal atom. Metal carbonyls are non- 
electrolytes like metal lo-organic compounds. They 
are insoluble in water blit are soluble in organic 
solvents such as benzene. Usually they can be 
distilled or sublimed. Carbon monoxide can be re- 
placed from metal carbonyls by certain other elec- 
tron donors ammonia, pyridine, phosphines, 
arsines, stibines, and isonitriles. 

Usually two methods are employed for prepa- 
ration of metal carbonyls. These are: (1) reaction 
of carbon monoxide with a finely divided, active 
metal at 50 200°C and 1(XM(X) at in. pressure; (2) 
reaction of metal oxides, halides, sullides or other 
salts with carbon monoxide in the presence of 
metallic copper or silver at elevated temperatures 
and pressures. Method (1) is applicable for the 
syntheses of nickel, iron, cobalt and ruthenium 
carbonyls. It appears that all tin' known metal 
carbonyls can be prepared by melhodj^). 

All the metal carbonyls lose carbon monoxide 
when heated or exposed to light. Nickel earbonyl 
decomposes at about 48°(\ and above, directly to 
the metal and carbon monoxide. Some oi the. 
others lose carbon monoxide in stages yielding 
carbonyls less rich in CO, less volatile', of lower 
solubility and of greater thermal stability. 

Carbon monoxide exerts a poisoning effect upon 
nickel, copper, cobalt, and other hydrogenation 
catalysts and upon ammonia synthesis catalysts. 

Metal carbonyl hydrides. Certain elements w ith an 
odd number of electrons combine directly with 
carbon monoxide and hydrogen to form metal 
carbonyl hydrides. 

Co + 400 4* ^IL — lLCo(C<», 

Rhodium, indium and rhenium carbonyl hydrides 
are prepared in a similar manner. Iron carbonyl 
hydride is synthesized by treatment of iron penta- 
carbonyl with a strong base. 

Cobalt carbonyl hydride, m.p. —26°C, decom- 
poses at — 18*0 with evolution of hydrogen. Iron 
carbonvl hydride, m.p. — 7()°C, loses hydrogen at 
— 20°C. 

The metal carbonyl hydrides are acidH. The ionic 
dissociation of iron carbonyl hydride resembles 
lloS while that of cobalt carbonyl Jiydride, HC1. 
Various saris of the inetal carbonyl hydrides are 
known. 

William F. Ghkhiiam 

Cross -reference's: Carbides , Carbon Monoxide , 
Aldehydes , Ketones , Photosynthesis , Amines, Am- 
ides 
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CARBOXYLIC ACIDS 

Carboxylic acids arc those organic compounds 

() 

which contain the carboxyl group, — C- OH. 
These compounds are acidic by virtue of the 
ionization of the carboxyl hydrogen. Although 
carboxylic acids are relatively weak in acid 
strength, their acidity is enhanced by the presence 
in the molecule of other carboxyl groups or nega- 
tive substituents close to the carboxyl group, par- 
ticularly in the alpha position in aiiphatics, and 
the ortho position in aromatics. 

Many carboxylic acids are found in nature, as 
free acids or in the form of esters or salts. Most 
natural aliphatic monocarboxylic acids are 
straight-chain acids containing an even number of 
carbon atoms. Those of higher molecular weight 
usually occur in the form of esters, in fats, oils and 
waxes. Among the most abundant are the satu- 
rated acids, palmitic and stearic, and the unsat 11 - 
rated acid, oleic. Some dicarboxvlic acids, includ 
ing oxalic, succinic, and fumaric, also occur in 
nature, as do the hydroxy acids, glycolic, lactic, 
ricinoleic, malic, tartaric and citric. 

A limited numbev '*1 r.^umat ic acids are found in 
natural substance^, notably benzoic and the liv - 
dmxybenzoic acids, salicylic, protocat cchuic and 
gallic; and cinnamic and the hydroxy-cinnamic 
acids, p cu marie and cafTeic. 

Some natural alicvclic acids are ahietic, chaul 
moogric, hydimcarpic, and the bile acids. 

There are several general methods for synthe- 
sizing carlxixy lie acids: (1 ) oxidation of a primary 
alcohol; (2) (irigmml synthesis; (3) nitrile syn- 
thesis; i 1) inahmic ester synthesis; the monoalkyl 
malonie esters can also bo used to prepare 
branched chain acids; <T>) acetoacetic ester syn- 
thesis. 

Those methods are gem 1 rally applicable to the 
preparation of aliphatic acids. Formic acid, how- 
ever, is prepared by the addition of alkali to car 
bon monoxide at high temperature and pressure, 
followed by acidification of the resulting salt. 
Acetic acid can be made by the oxidation of 
acetaldehyde prepared from either acetylene or 
ethyl alcohol; ami it can be isolated from the 
products of the destructive distillation of wood. 
V)ilutc acetic acid (vinegar) is made by fermen- 
tation of fruit juices to form alcohol, followed by 
bacterial oxidation. A number of high-molecular 
weight fatty- acids arc obtained commercially by 
hydrolysis of their naturally' occurring glycerides. 
An acid hydrolysis is employed, in contrast to the 
caustic hydrolysis which is the basis of soap- 
making. 

Tin higher dicarboxvlic acids are generally pre- 
pared commercially by oxidizing certain alicvclic 
and aliphatic compounds'. The acids having an 
even number of carbon atoms are more readily- 
prepared by- this method. Oxalic acid can be made 
by heating sodium formate, ami also by fermen- 
tation. Catalytic oxidation of benzene yields 
maleic anhydride, which can be converted to 
succinic acid. 

Alpha-hydroxy acids are conveniently- prepared 
from the corresponding halogen compounds. 


Esters of beta-hvdrox.y acids are produced by the 
Reformntsky reaction. The hydroxy acids which 
can bo made by fermentation include lactic, citric 
and gluconic. Tartaric acid is obtained from po- 
tassium acid tartrate, a by-product of wine- 
making. 

Some aromatic acids can be made by oxidizing 
aromatic hydrocarbons (e.g. benzoic from toluene, 
phthalic from naphthalene) or substituted ace- 
tophenones. llonzoic acid is prepared by the 
decarboxylation of phthalic aeid and phthalic 
anhydride. Salicylic acid is made by the Kolhe 
ayn thesis. 

Straight -chain aliphatic monocarboxylic acids 
containing fewer carbon atoms than cupric are 
liquids, watcr-miscihic up to butyric and there- 
after decreasingly- water-soluble. The acids be- 
ginning with cupric are solids almost insoluble in 
water. All arc quite soluble in most organic 
solvents. The acids containing an odd number of 
carbon atoms have lower melting points than the 
‘even acids* immediately preceding them in the 
series; boiling \ nints increase regularly with in- 
creasing molecular weight. 

Aliphatic polyoarboxylic acids are crystalline 
solids, those of low molecular weight being rela- 
tively water-soluble. Dicarboxvlic acids contain- 
ing an odd number of carbon atoms have lower 
melting points and higher water solubilities than 
the ‘even acids’ immediately- preceding them in 
the series. Alicyelic and aromatic acids arc gen- 
erally crystalline solids of low water solubility'. 

The following reactions are typical of carboxylic 
acids: (1) reaction with bases to form salts 
(RC(H)M); (2) reduction to aldehydes (RCIIO) 
and alcohols (liClDOIl ) ; (3) formation of acid 
anhydrides (IK’Ot )(*()!{ ) and acyl halides 
(HC()\); (4) reaction with alcohols to form esters 
(lH'OOR'l; (51 ouide formation (R(H)N R'll"); 
amides can be fori «e I by heating ammonium or 
amine salts of the ..(‘id. or by reaction of an acid 
utihy'dridc. acyl chloride or ester wdth ammonia 
or a primary oi secondary amine; (f»1 derarboxyl- 
ation to t lie hydrocarbon (KI1), often achieved by 
fusing a salt of the acid with an alkali; (7) forma* 
lion of ketones (R..CO) by dry distillation of metal 
salts. 

Formic acid undergoes several unique* reactions. 
It is easily oxidized to water and carbon dioxide;, 
heated with sulfuric acid it decomposes to watci 
and carbon monoxide. 

Aliphatic acids can be chlorinated and bromic 
liated in the alpha position in the presence of sun- 
lit t or an added catalyst. 

llalogcnated aliphatic acids read in different 
ways with alkali: rr-hulo acids arc converted to 
i » -hydroxy acids; 0-hulo acids form unsatu- 
rated acids with elimination of hydrogen halide; 
7 -halo acids form lactones (intramolecular esters). 

Aliphatic hydroxy acids are dehydrated on 
heating: at -hydroxy acids undergo bimolecular de- 
hydration to give lad ides; 0-hydroxy acids form 
o,0-unsaturated acids; 7 - and 6-hydroxy acids form 
lactones; where the hydroxyl group is removed by 
5 or more carbon atoms from the carboxyl group, 
intcrmolcculur esters or poly-esters may be formed. 

Dehydration of polyoarboxylic acids leads to 
tbe formation of cyclic anhydrides where a 5- or 
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6-meinbered ring is possible. Higher molecular 
weight dicarboxyl ic acids yield polymeric anhy- 
drides on dehydration. Dry distillation of some 
salts of dicurboxylic acids (adipic and higher) 
yields cyclic ketones. 

The reaction of dicarhoxylic acids with glycols 
forms polyesters, and with diamines, polyamides. 

Oxalic and malonic acids undergo certain unique 
reactions. Oxalic acid on heating decomposes to 
carbon monoxide, carbon dioxide, formic acid and 
water; oxidation of oxalic acid gives carbon di- 
oxide and water. Malonic acid on heating dc- 
carboxylatcs to form acetic acid and carbon 
dioxide; on dehydration it yields carbon suboxide. 
Maleic anhydride and other «,0-unsaturated an- 
hydrides and acids undergo the Diels-Alder reac- 
tion with 1, 3-diencs. 

A few uses of some important carboxylic acids 
are listed below. 

Formic acid is used in textile treatment and as 
an acid reducing agent. 

Acetic and propionic acids are used in the pro- 
duction of cellulose plastics ami esters. Calcium 
propionate is used os a mold inhibitor in foods. 

Stearic acid finds application in rubber com- 
pounding as a dispersing agent, and activator of 
accelerators. Stearic and palmitic acids and de- 
rivatives are used in the manufacture of soaps, 
candles, cosmetics, pharmaceuticals and protec- 
tive coatings. 

Ob r acid is employed in the manufacture of 
soaps and detergents, and in textile applications. 
Derivatives of oleic, linolcic and tinolenic acids are 
constituents of paints and drying oils. 

Acrylic, methacrylic, maleic, fumaric ami itaconic 
acid derivatives are used in the preparation of a 
wide variety of polymers. 

Oxalic acid is useful in rust removal, cleaning 
and bleaching. Other dicurboxylic acids, notably 
phthalic , adipic and sebaeic , are employed in the 
preparation of plasticizers, alkyd resins, poly- 
esters and polyamides. Succinic acid derivatives 
are used in a number of medicinals. 

Citric and tartaric acids are used in foods, phar- 
maceuticals, and metal cleaners. Citric, tartaric 
and gluconic acids are sequestering agents. Citric 
esters find application as plasticizers in fond wrap- 
pings. 

Salicylic and benzoic acids and their sodium salts 
are antiseptics and preservatives. Acetylsalicylic 
acid (aspirin) and sodium salicylate are analgesics 
and antipyretics. Methyl salicylate is used in 
pharmaceuticals, flavors and toilet goods. Benzyl 
benzoate is an insect repellent and miticidc. 

Abietic and related acids arc the chief con- 
stituents of rosin, used in the manufacture of 
paper, resins and varnishes. 

Naphthenic acid salts, derived from crude oils, 
are used in paint driers, greases and soaps. 

Some important carboxylic acids for which pro- 
duction data were listed by the U. S. Tariff Com- 
mission for 1953 are given in the following table. 


Acid 

Production, 
million lb. 

formic (90%) 

16 

acetic 

498 

propionic 

10 

oxalic 

19 

chloroaeetic 

38 

phthalic (anhydride) 

227 

salicylic 

8 

acetylsalicylic 

14 

2,4-dichlorophenoxyucetic 

26 


C. J. Knijtii 


Gross -references: Acids, Aliphatic Compounds, 
Aromatic Compounds 


CARCINOGENIC SUBSTANCES 

What are the factors which cause the transfor- 
mation of normal tissues into cancerous growths? 
This transformation can be induced in all tissues 
which have the potentiality to proliferate, but it 
takes place with unequal readiness in different, 
types of tissues in the same species and in the 
analogous tissues of different species. The princi- 
pal factors t o be considered ns potential causes of 
cancer are: (a) The constitutional factors of the 
tissues of individuals and species, which are 
largely genetic in nature. There is, in addition, a 
substance which in certain strains of mice is trans- 
mitted w r ith the milk from the mother to the off- 
spring and which helps to determine the readiness 
with which mammary cancer and perhaps one 
other type of cancer develop in these mice; this 
substance is likewise hereditarily transmitted in 
various strains of mice, (b) Stimulating factors 
originating either within the organism itself or in 
the outer environment, which act on the cells and 
make them cancerous. The distinction between 
these two sets of factors, however, while very 
useful as an approximation, is not as sharply de- 
fined as it might, appear, inasmuch as some heredi- 
tarily transmitted factors may function as growth 
stimuli, and conversely, stimulating factors may 
also be, at least partly, genetically determined. 
The character of the various stimulating factors 
may differ greatly in specificity. Among the most 
specific ones are (1) certain viruses, (2) hormones, 
and (3) certain inetazoic parasites; next in order 
come (4) tar and the so-culled carcinogenic (can- 
cerigenic) hydrocarbons, which seem to be able to 
act on many tissues endowed with growth po- 
tentialities, and are specific mainly because of the 
great intensity with which they act. The least 
specific factors are those w hich not only may affect 
many tissues indiscriminately, but .which act. also 
with a lesser intensity, and are Well known for 
other effects they may exert. To t.hii group belong 
various radiations, as well as ordinary chemical 
and mechanical irritations, usually acting over 
long periods of time. The hereditary genetic fac- 
tors function largely by determining the degree of 
responsiveness of a certain tissue to the various 
stimuli affecting it; but in some instances they 
may act indirectly by inducing certain discuses, 
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which themselves predispose to the development 
of cancer. 

We shall now discuss the action of certain agents 
which produce cancer by chemical means. Of 
greatest importance are the carcinogenic poly- 
cyclohydrocarbons. 

In 1914, two Japanese investigators, Yamagiwa 
and lshikawa, discovered that if the ears of rabbits 
are painted with tar over long periods of lime, at 
first, warts, papillomas or cutaneous horns develop, 
and in the end true cancer of the epidermis may be 
be produced. There secin to be, between the papil- 
lomatous stage and the stage of irreversible can- 
cerous growth, intermediate stages in which, in the 
beginning, the stimulated epidermal cells invade 
in an abnormal manner the underlying tissues, but 
in which a spontaneous regression of these in- 
vasive processes sets in after cessation of the 
tarring. They interpreted these observations as 
an experimental proof that, long-eon tinned irri- 
tation may eventuate in the production of cancer. 
Subsequently, Tsutsui showed that the skin of the 
mouse responds much more readily to the painting 
with tar than that of rabbits. 

It was found later that the aetive substances 
present in tar which were capable of inducing can 
cer under these eopdl !••>►*:* were contained in the 
fraction which passed into the distillate at a high 
temperature. These investigations suggested the 
search for pure substances contained in the tar 
which might, be responsible for this effect. Keima- 
way et nl. discovered a group of cancer-producing 
hydrocarbons which were derivatives of anthra- 
cene and phenant.hrene. Later, Kieser, Shear, and 
others extended these investigations. The most 
effective ones among these substances are, in de- 
creasing order of their effectiveness: 9:10 di- 
methyl-, as well as 5, 9, 10 trinwthyl- 1.2- benzan- 
thracene, 20-methylehoIant hrcnc, 3:4 -benzpyrene, 
and l:2:5:()-dibenzaiithracene. These substances 
induce cancer when they are painted on the skin 
of mice or injected subcutaneously at regular 
intervals over long periods of time, or when they 
are introduced in various places into the organism 
in the form of pellets. They cause a cancerous 
transformation in the organs and in tissues on 
which they act. The degree of potency varies 
with different preparations; slight alterations, 
such as the introduction of radicals Cll* , Oil, or 
of the cyano groups, may cause great changes in 
•the intensity of the action of these compounds ; 
also, the position of these? radicals is of importance. 
Usually, the introduction of oxy -radicals dimin- 
ished the effectiveness of such substances and 
the 5, 6, 9, 10 position in the anthracene ring 
seems to be especially favorable for the produc- 
tion of active preparations. Thus the Kennaways 
found that among five dimethylanthraccncs, 
the 9,10-compound alone produced epithelioma 
of the skin, and adenocarcinomas of the lungs. 
These tumors were most frequent in mice treated 
with this substance, but none of these prepara- 
tions produced sarcoma after subcutaneous injec- 
tion. However, there is no general rule concerning 
the factors determining the potency of these com- 
pounds which would apply to all, and which would 


make it possible to predict whether a given com- 
pound will or will not be active. 

Effect of Cigarette Tars. As stated above, tar 
was first used by two Japanese investigators to 
produce carcinoma of the ear in rabbits. Similarly 
other pathologists, such as Peyton Itous, have in- 
duced cancer in animals by painting their skin 
with this substance. We have also referred to the 
fact that the active cancer-producing agent in tar 
is probably the potent carcinogenic hydrocarbon, 
3, 4 -benzpyrene. 

In recent years it has been considered probable 
that 1 he appearance of carcinoma of the lung in 
human beings is caused in a large proportion of 
cases by the smoking of tobacco, especially of 
cigarettes, which contain a tar-like substance. 
Actually, carcinoma of the lung is more fre- 
quently observed in men than in women, but with 
the increasing habit of the latter to Hmoke, it may 
be predicted that this type of cancer will also be 
come more frequent in women in time. The delay 
in appearance of lung cancer is due to the long 
period of induction (latency) in the carcinogenic 
action of tar. The greater effectiveness of cigarette 
smoking as compared to cigar and pipe smoking 
in the induction of lung cancer may be attributed 
to 1 he fact that it is customary with many smokers 
to inhale. It has also been suggested that, the rela- 
tive? rise in temperature in the case of cigarette 
smoking, as compared to cigar and pipe smoking, 
may be partly responsible for this difference. 

The conclusion that tobacco smoke is largely re- 
sponsible for the increase in pulmonury carcinoma 
which has been noted in recent times found sup- 
port. in the experiments of Wynder and Graham 
and of others, who found that painting the skin of 
mice over certain periods of time with tar ob- 
tained from cigarette smoke caused cutuncous 
cancer. Quite rcc« ntl.v Graham obtained a similar 
result in painting the skin of rabbits. In this 
species, however, iho induction period is longer. 

Ollier Compound**. We shall now mention 
some other compounds which have the ability to 
induce cancer by chemical processes. Perhaps the 
best known among these substances are the fol- 
lowing: (1) urethane (ethyl carbamate), which acts 
as a mild anesthetic and induces tumors in the 
lung of mice, especially in those belonging to 
strain A, in which the occurrence of spontaneous 
lung tumors is very frequent, but also in some 
other strains. It may also induce tumors in the 
lungs of rats. Evidently it depends on genetic fac- 
tors, which influence the responsiveness of the 
a’veolur lung tissue. It is interesting that ure- 
thane, which has a definite carcinogenic effect in 
lung tissue, may inhibit the growth of various 
animal tumors and also the progress of leukemia, 
especially of the chronic myelocytic type, in man. 

(2) . In a similar manner the nitrogen mustards 
can induce pulmonary tumors, aud inhibit other 
tumors. They show in certain respects a great 
similarity to the action of ionizing radiation; they 
are being considered as “ ‘radiomime tic” agents. 

(3) . In contrast to these two types of com- 
pounds in which the carcinogenic action is re- 
stricted’ largely to one organ, 2-acetyl amino- 
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fluorene is able 1o induce cancer in a number of 
different organs. Its action differs from that of the 
polycyclic carcinogenic hydrocarbons in that the 
Lutter induce cancer largely by contact action at 
the Hite of application; but they may also in cer- 
tain instances act on dislant organs. However, 
there is no radical difference between these two 
inodes of action, inasmuch as also the distant 
action represents a contact action, brought about 
secondarily. 

(4). Certain azo dyes, as for instance o-amino 
azololuene and 1-dimothyhiminoazobcnzcne, may 
after oral ingestion, induce carcinoma of the 
liver in rats and mice, but they are also able in 
some instances to induce cancel in various other 
organs, as for instance, in the urinary bladder. As 
usually a series of hypertrophic and hyperplastic 
grow tii processes precede the cancerous changes 
in the liver. Also application of chloroform and 
carbon tetrachloride may initiate similar types of 
tumors. 

As to the carcinogenic action of inorganic sub- 
stances, there aie indications that arsenic prepa- 
rations may induce cancer. There are various ot her 
inorganic substances, such as beryllium, cobalt, 
chromates, selenium, nickel and asbestos that, 
may under certain conditions produce cancer. 
Cancer of bone, lung and skin in particular have 
been observed under special conditions. It. seems 
that if a certain irritating, growth-promoting 
substance is deposited in close apposition to bone, 
it may here call forth first, proliferation of bone- 
prod ,cing cells and ultimately sarcomas. 

The substances mentioned so far are able to 
induce tumor formation, when tested experi- 
mentally in animals, or when man is exposed to 
their action occupationally or otherwise. There is 
one class of substance which may induce growth 
processes leading to the production' of cancer as 
the result of their normal function. Such an effect 
is produced by certain hormones which induce 
growth processes in their end organs by chemical 
means. In 1915 and 1916 it was shown that ovarian 
hormones in collaboration with genetic factors 
were able to induce mammary carcinoma in mice. 
Ovariectomy performed at a sufficiently early age 
markedly reduced the cancer incidence in this 
organ. Likewise, prevention of breeding had a 
similar, although definitely weaker effect. At that 
time we suggested that some other hormones 
might exert a similar cuncerogenic effect on their 
respective end organs; such actions have subse- 
quently been established in the vagina, cervix, 
uterus, ovary and thyroid gland. Tumors may de- 
velop in the adrenal cortex after removal of the 
ovaries, which may exert an inhibition on the 
growth processes in the cortex. 

In the case of the ovarian hormones we noted a 
proportionality between the length of time during 
which the hormone functioned and the number of 
resulting tumors. This cancer-producing action of 
hormones seems to depend on preceding growth 
processes which they induce, and such growth 
processes may be elicited by the hormones in 
cooperation with genetic factors, or in the case of 
the ovarian hormone estrogen, in cooperation with 
a virus-like substance. These c&ncinogcnic hor- 


mones (as well as carcinogenic hydrocarbons) may 
also exert an inhibiting effect on the growth of 
the tumors which they produced; but thin antago- 
nistic effect is weaker and more uncertain in its 
action than the tumor-inducing action. In the case 
of Roentgen rays the intensity of the radiation 
applied may determine whether they produce or 
destroy tumors; arid urethane and nitrogen mus- 
tards may induce certain tumors and inhibit or 
destroy other kinds. 

Leo Loeb 


CARNEGIE INSTITUTION OF WASHINGTON 

The Carnegie Institution of Washington was 
founded by Andrew Carnegie in 1902 under Arti- 
cles of Incorporation that declared its purpose 
“to encourage in the broadest unrl most liberal 
manner investigation, research, and discovery, 
and the application of knowledge to the improve- 
ment of mankind. ” It is entirely independent, of all 
other Carnegie agencies and the United States 
Government. The policy of the Institution is de- 
termined by a self-perpetuating Hoard of Trustees 
who meet in December of each \ear to consider the 
Institution’s objectives and problems, to review 
its work, and to make appropriations for the 
following year. The policies of tin* Institution are 
administered by an Executive Committee chosen 
by and from the Hoard of Trustees, acting through 
the President of the Institution as chief executive 
officer. Andrew Carnegie originally endowed the 
institution with ten million dollars, to which he 
added two million in 1907, and ten luillion dollars 
in 1911. At present, including special funds and an 
addition to the endowment from the Carnegie 
Corporation of New York, the resources of the 
Carnegie Institution of Washington amount to 
about fifty million dollars. 

The research activities of the Institution are 
carried on through the seven departments listed 
below and a limited number of Research Asso- 
ciates, Visiting Investigators, and Fellows: 

Mount W'ilson Observatory, in California, is an 
outgrowth of the Solar Observatory founded in 
1904. At present the Mount Wilson and Palomar 
Observatories are operated jointly by the Carnegie 
Institution of Washington and the California In- 
stitute of Technology, in a co-ordinated program 
of astronomical research on the structure of the 
universe and the nature and evolution of celestial 
bodies. Their joint equipment includes the 1(X)- 
inch Hooker telescope on Mount Wilson and the 
200 inch Hale telescope on Palomar Mountain, 
which has extended man’s vision into space to over 
a billion light years. 

The terrestrial sciences are represented by the 
Geophysical Laboratory and the department of 
Terrestrial Magnetism, both located in Washing- 
ton, D. C. The basic objective of the Geophysical 
Laboratory is to study the nature apd composition 
of the earth and to learn as much os possible about 
the processes by which, during geologic ages, it 
has reached its present state. Much of the work of 
the Laboratory has dealt with phase equilibrium 
studies of silicate systems, which have afforded 
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exact information pertinent to rock formation. 
Other Laboratory studies have considered high 
pressure in its effect both on the properties of ma- 
terials of the earth’s crust and on the retention of 
dissolved water and other volatiles in solution in 
the molten magma. These and other studies of the 
Laboratory have a direct bearing on earthquake 
phenomena, mountain building, the nature of 
volcanoes and volcanic action, the genetic rela- 
tionships of rocks and ore bodies, and the compo- 
sition and physical state of the interior of the 
earth. 

The Department of Terrestrial Magnetism was 
founded to conduct a broad program of surveys 
and studies relating to the magnetic and electric 
conditions of the earth and its atmosphere. After 
two decades devoted primarily to magnetic. survey 
work, the major effort of the Department turned 
to basic problems in physics, including the iono- 
sphere, cosmic rays, nuclear physics, radio astron- 
omy, biochemistry, physics, arid seismology. 

Researches in the biological sciences are carried 
out through the Department of Plant Biology, the 
Department of (Jeneties, and the Department of 
Emhr\ ology. The Department of Plant Biology 
has its headquarters at Palo Alto, California, it 
devotes its attention u» the means by which plants 
manufacture organic food ami the evolutionary 
mechanisms by which they have reached their 
present great variation in form, size, and distri- 
bution. Much attention has been given to the 
nature of the plant pigments, chlorophyll, carot- 
enoids, and phyeobilins. and their part in the 
mechanism of photosynthesis. The Department 
also carries on active programs in experimental 
taxonomy and pulcohotanx . 

The Department of Genetics, at. (’old Spring 
llarbor, Long Island, New York, is primarily eon 
corned with the biological mechanisms that de- 
termine the appearance of various traits and their 
transmission to succeeding generations. The De 
part men t studies such questions as the chemical 
composition and structure of the substances that 
transmit hereditary characteristics from parent to 
offspring, how they reproduce, the mechanism of 
their action in the cell and in the organ, and the 
factors which cause changes in structure and 
mechanism. 

The Department of Embryology, id Baltimore, 
Maryland, is primarily concerned with the form 
and function of the human embryo. It conducts 
research in biophysics and in the physiology of the 
reproductive system, with special emphasis on 
pregnancy and embryonic growth. This Depart- 
ment. has assembled the largest collection of 
human embryos in the world. 

The Department of Archaeology, with head- 
quarters in Gambridgc, Massachusetts, has 
specialized in aboriginal American history, both 
in the United States and in the Mayan Area of 
southern Mexico and northern Centrul America. 
lOx tensive excavations have been made at Chiehen 
Itza and Mayatan in Yucatan, at Uaxactun in 
northern Guatemala, and at Copan in Honduras. 
The collection and interpretation of Maya hiero- 
glyphs is a specialty of the Department. Archaeo- 
logical studies necessarily include studies in 


ceramics, which have been greatly facilitated by 
the application of petrographic methods. 

The present organization of the Carnegie Insti- 
tution of Washington is the result of a continuing 
dynamic program. The pattern of organization has 
been flexible; units have been terminated as the 
work with which they were concerned was brought 
to completion or to a stage where conduct by other 
agencies was desirable; others have been linked or 
combined when such consolidation promised to be 
advantageous. Units terminated include the De- 
partment of Meridian Astrometry; the nonmag- 
netic sailing vessel Carnn/it>\ the Department of 
Marine Biology at Tortugas, Florida; the Nutri- 
tion Laboratory in Boston; and the Desert Botani- 
cal Laboratory at Tucson, Arizona. Within the 
several departments organization and program 
are flexible and administered to enable the re- 
search worker to pursue the search for truth as he 
wishes, with full opportunity for discussion and 
co operation with colleagues, and free from the 
dist ruet ions of teaching or administration. 

Most of the •'•search of the Carnegie Institution 
of Washington is published by individuals in cur- 
rent scientific journals. Interpretative reviews of 
work in progress are published in the annual 
“Year Book,” and many of the completed studies 
are issued in a monograph series, which includes 
more than six hundred titles. These publications 
are distributed primarily to some five hundred 
libraries in scholarly and scientific centers 
throughout the world, which serve as the Institu- 
tion's depositories. The Executive Offices of the 
Carnegie Institution of Washington are at 1530 P 
Street, Northwest, Washington 5, 1). C. 

C.iooitoK W. Mokky 


CAROTENOIDS 

Carotenoids constitute a unique class of natural 
coloring matters of widespread distribution in 
both plants a. id animals. They are elaborated in 
plants, and when ingested by animals, they may 
be absorbed, unchanged, or undergo modification. 
Definitions thal attempt precision are apt to be 
arbitrary. The rliromophorie system of caro- 
tenoids consists of a series of conjugated double 
bonds in a polyene chain in which an isoprene 
(methylbutadiene) pattern may be discerned. If 
the word “pigment” is included in the definition, 
compounds such as phytofluene, phytnene and 
vitamin A are automatically excluded, because six 
v seven double bonds in conjugation are required 
before the observer will perceive a pale yellow 
color. A further unique feature of the carotenoids 
lies in the mode of linkage of the isoprene units or 
residues. This may be explained best by reference 
to common carotenoids which have 40 carbon 
atoms in the molecule. Here, the two methyl 
groups closest to the editor of the molecule are in 
posit ions 1:6 whereas the others occupy positions 
1:5 relative to each other, (see Figure 1). 

The C 4 o carotenoids may therefore be envisaged 
as comprised of two halves in each of which the 
isoprene pattern follows a head -to tail sequence, 
with a tail-to-tail linking of the two halves. If the 
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end groups terminating the chain are identical, it 
is possible for the molecule to huve a center of 
symmetry. Carotenoids with fewer than forty 
carbon atoms, of which several occur in nature, 
may be breakdown products (apocarotcnoids) of 
C40 precursors. For the purposes of this definition, 
the “centers” of such molecules must be estab- 
lished by reference to a possibly hypothetical 
precursor. 

Carotenoids are named after the principal pig- 
ment of the carrot root, carotene, CmIIm , a mix- 
ture ol two isomers, 5 to 10 per cent «-, and 90 to 
95 per cent 0 -carotene. They may be classified 
as follows: (1) Hydrocarbons: (a) structural 
isomers of formula C 40 IIM ; (b) partially hydrogen- 
ated C40 compounds, particularly those forming a 
homologous series, C 4 oH 5 c , UiuIIro , C\yH 6 4 , etc.; 
(c) synthetic carotenoids in w'hich the C40 limita- 
tion imposed by nature has been surpassed. (2) 
Oxygenated derivatives: A wide variety of types 
is found: alcohols, esters, ketones, epoxides, 
furanoids, as well as combinations, e.g. alcohol, 
epoxide and furanoid. Acids and aldehydes are less 
commonly found and arc the most likely to be 
true apocarotenoids, containing fewer than 40 
carbon atoms. 

The polyene chain with the isoprcnic pattern is 
terminated by an ionylidene structure which may 
be related to a-, 0-, or pseudoionones. d,l-e-caro- 
tene, where the chain is terminated by two 7 - 
groups, has been synthesized. The remainder are 
of natural occurrence, namely a-, p- and 7 -caro* 
tones and lycopene. Vitamin A, C^olh&OH, is 
one-half the 0-carotcne molecule, terminating at 
the Ci» in a primary alcohol— CH*OH. The rela- 
tionship between vitamin A and carotenoids will 
not be further discussed except to remark that any 
carotenoid with one or more unsubstituted ^-con- 
figurations is a potential vitamin A precursor. 

The partially hydrogenated compounds are be- 
lieved to be related to lycopene: ncurosporene, 
from Ncurospora , a tetrahydro-lycopenc; f-caro- 
tene, pale yellow, an octahydro -lycopene; phyto- 
fluene, a green -fluorescing colorless compound; 
and phytoene. The series has attracted attention 
because of the suggestion that the common carot- 


enoids arise by successive stepwise dehydrogena- 
tions. The hypothesis is by no means generally 
accepted at this time. 

Interest in the synthetie carotenoids in which 
the ("411 limitation has been surpassed lies chiefly 
in extending the range over which a relationship 
can be established between the number of double 
bonds in eotij ligation and the position of the 
spectral absorption maxima. 

Oxygenated derivatives are found in all green 
leaves (xanthophylls), in many fruits, in egg 
yolks, crustaceans, and in many insects and fishes. 

Carotenoids are a special class of polyene pig- 
ments. The presence of the* methyPside chains 
necessarily modifies the breakdown products. 
Thus permanganate oxidation will yield some 
acetic as well as formic acid. Otherwise, the prop- 
erties of carotenoids are those of polyenes in gen- 
eral. A deep blue coloration is yielded with con- 
centrated sulfuric acid, also with As/or SbOlj in 
CUCI3 , the Carr-Price reaction. The epoxy and 
furanoid derivatives also yield this color with 
concentrated HOI. The chromophore in a polyene 
chain arises from the possibility of charge separa- 
tion. In the extreme rase, with a kctonic oxygen 
ready to assume a negative charge, the presence 
of a proton acceptor or electron donor such as a 
protein would stabilize the form as effectively as 
the mineral acid. Thus in crustaceans, the carot- 
enoid is linked with a protein and is usually 
green or blue in color. The carotenoid is liberated 
when the crustacean is plunged into hot water and 
assumes a red color. 

Cis-lrans isomerization. Most of th^ natural carot- 
enoids are all -Irons forms. However, cis isomers 
are possible. It was originally thought that the 
methyl group hindered and therefore restricted 
trans-cis rotations in the adjacent — CII=CH — 
groups. While there appears to be some steric 
hindrance, studies with vitamin A indicate that 
“forbidden 9 rotations may in fact Occur. The ail- 
erons form has the lowest energy and possesses 
greatest stability. Isomerization occurs in the 
presence of heat, light, acid, and may also be cata- 
lyzed by iodine in the light.. As a result of succes- 
sive trans-cis rotations, there js progressive loss 
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in color. A cis peak, about 142 in n from the posi- 
tion of the first band, at the longest wave length is 
to be noted. It is at a maximum for the central 
mono-ria compound, and is not discernible either 
in the all -trans or in the extreme poly-c/« forms. 

The majority of carotenoids crystallize readily. 
However phytoflucne is a colorless oil. and {’-caro- 
tene is not as yet well characterized as to crystal 
form. 

The absorption spectrum of all tians carotenoids 
is typically 3 -banded. The relationship between 
absorption maxima and number of conjugated 
double bonds may be deduced for carotenoids from 
work on the diphenylpolyenes. The carotenoids 
themselves do not form a homologous series, and 
the double bond in the 0-ionvIidene ring is equiva- 
lent to roughly one-lialf that in the chain. 

Solubility and partition behavior. Carotenoids are 
soluble in the so-called “fat solvents'*. As the com- 
position changes from hydrocarbon to the rela- 
tively highly oxygenated derivatives, solubility 
in more polar solvents (e.g. aqueous alcohol) be- 
comes marked. Thus 0 -carol cue and zeaxant.hin 
can readily be separated by partition between 
petroleum ether and 80% ethanol. The first men- 
tioned pigment is epiphasic (in the petroleum 
ether phase) while *ih„ latter is hvpophasic. This 
applies only to the free zeaxanthin. Physalien, 
the ester, is epiphasic and must be saponified if it 
is to be separated in this manner from 0-carotene. 

Occurrence. Carotenoids are. widely distributed 
in nature. Where they are the cause of pigmenta- 
tion, they may occur up to 0.2% of the dry weight 
of the tissue involved. Where, as in blood plasma, 
0-carotene is usually to be found, the level is very 
much lower, and in this particular case, deter- 
mined by the diet. While the sweet, potato may 
have 0.1% or so of 0 carotene, the concentration 
in the white potato is rarely more than a few mi- 
crograius per gram. The latter is, in consequence, 
virtually devoid of color. Carotenoids in leaves are 
masked by the chlorophyll present. 

(1. Mackinnky 

Cross -references: Pigments , Vitamins 


CAROTHERS, WALLACE HUME (1896 1937) 

Wallace Hume Carothers was born in Iturling- 
ton, Iowa, on April 27, 1806. His contributions to 
organic chemistry were recognized as outstanding 
and, in spite of the relatively short span of time 
for his productive accomplishments, he became a 
leader in his field with an enviable international 
reputation. 

leaving Tarkio College in 1920 with his bachelor 
of science degree, he enrolled in the chemistry de- 
partment of the University of Illinois, where he 
completed the requirements for the master of arts 
degree in the summer of 1921. He returned to the 
University of Illinois in 1922 to complete his 
studies for the degree of doctor^ of philosophy, 
which he received in 1924. His major work ^as m 
organic chemistry with a thesis under the direc- 
tion of Dr. Roger Adams, on the catalytic reduc- 
tion of aldehydes with platinum oxide platinum- 
black and on’ the effect of promoters and poisons 


on this catalyst in the reduction of various organic 
compounds. He remained on the staff of the chem- 
istry department of the University of Illinois as an 
instructor in organic chemistry from 1924-26 and 
then served in a similar capacity at Harvard Uni- 
versity from 1926-28. 

In i928 the du Pont Company had completed 
plans to embark on a new' program of fundamental 
research at their central laboratory, the Experi- 
mental Station at Wilmington, Delaware. Caro- 
thers was selected to head the research in organic 
chcmistrv, ami he served until his untimely death 
in 1937. ‘ 

In 1920 he was elected Associate Editor of the 
Journal of the American Chemical Society ; in 1930 
he became an editor of Organic Syntheses. His 
achievements were recognized by his election to 
the National Academy of Sciences in 1936 — the 
first organic chemist associated with industry to 
he elected to that organization. 

His early scientific work involved an extension 
to organic compounds of Langmuir's idea of iso- 
sterism. He demonstrated that it was valid in the 
case of phenyl isocyanate and azoimidc. Reactions 
of the* double bond were interpreted in terms of 
the electronic theory, using a point of view that 
has since gained wide acceptance. 

His next efforts were devoted to demonstrating 
that any idea of “negativity" alone is inherently 
incapable of accounting for the relative reactivity 
of organic halides. He measured the base strength 
of a series of amines. His work on the thermal de- 
composition of alkali alkyls threw light on the in- 
herent properties of the simplest organic, anions. 

The first field of which he was in a position to 
make an exhaustive study was that of acetylene 
polymers and their derivatives. With vinvlacet- 
ylene ami divinylacetyleno made available to 
iiim. he completed a detailed study of these sub- 
stances. It was his discovery that it was possible 
to add hydrogen chloride to monovinylacetylene 
with formation of 2-c.hloro-l ,3-butadiene, called 
chloroprene. This substance is analogous struc- 
turally to isoprenc but polymerizes several hun- 
dreds of times more rapidly and leads to a product 
much superior to all previously known synthetic 
rubbers. It was the first synthetic material to show 
rubber's curious property of developing fibrous 
orientation when stretched and instantly reverting 
to the amorphous condition when released from 
stress. In resistance to aliphatic hydrocarbons and 
to most chemical reagents it is definitely superior 
to natural rubber. It has, moreover, a greater re- 
liance than rubber to corona and sunlight. 
Carothers' work laid the foundation for the de- 
velopment by other chemists and by chemical en- 
gineers of the du Pont Company of the commercial 
product which has found wide industrial use and 
which is marketed as neoprene. 

These initial ideas culminated in the publica- 
tion of a series of thirty-one papers in the field 
of polymerization. In these he proposed a general 
theory of condensation -polymerization and a logi- 
cal and systematic terminology suitable for use in 
this previously disorganized field. The implica- 
tions of his theory were illustrated by a series of 
experimental studies dealing with polyesters, hy- 
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drocarbons, polyamides, and polyanhydrides. 
These studies provided experimental material for 
correlating chemical structure and physical prop- 
erties of materials of high molecular weight, and 
furnished evidence of favoring a view now gen- 
erally accepted for the structure of such natural 
high polymers as cellulose. In these investigations 
a new technic*— molecular distillation — was ap- 
plied to the propagation of chemical reactions. 

In this study a method new in principle was de- 
veloped for the synthesis of many-memhered 
cyclic compounds. A large number of many- 
memhered cyclic compounds was synthesized, 
including several of entirely new types. Some of 
these compounds had musk-like odors and are 
otherwise similar in their properties to the genuine 
musks. One of these new many-membered ring 
compounds has found industrial application. The 
large amount of experimental material made pos- 
sible important deductions bearing on the rela- 
tionship between chemical structure and ease of 
ring formation. His contribution was a major one 
to the field of many-membered ring compounds, 
which is one of growing significance in organic 
chemistry. 

He investigated the means by which polymers 
structurally analogous to cellulose and silk could 
l>e prepared, and synthesized a large number. 
These materials constituted the first completely 
synthetic fibers with a degree of strength, orienta- 
tion, and pliability comparable with natural fibers. 
Their Mudy made possible the development of a 
theor\ tor the relation between structure, fibrous 
properties, and other physical properties. The 
work was brilliant and the most important aid in 
recent, years to the understanding of such poly- 
mers. This information, and the modification of 
the physical and chemical properties of polymers 
by slight changes in the mode* of preparation made 
possible the exploration of a wide variety of sub- 
stances of most promising industrial application, 
culminating in the synthesis of nylon. These con- 
tributions are recognized by the naming of the du 
Pont polymer research laboratory as the Wallace 
Hume Caro t hers Laboratory. 

(Abridged from memoir for National Academy 
of Sciences.) 

Uogkr Adams 

Cross-references: Fibers ( Synthetic ), Polymeriza- 
tion 


CASEIN 

Casein is the principal protein in milk and the 
chief ingredient of cheese. Caseins derived from 
the milk of different mammals are similar if not 
identical in composition and properties. The usual 
source is cow’s milk, which contains 3% of casein. 
Skim-milk left after separation of cream from 
whole milk owes its white, turbid apperance to 
colloidally dispersed particles of calcium caseinate 
and calcium phosphate. There are 3 X 10 12 par- 
ticles in a cubic centimeter, ranging from 8 to 200 
mm in diameter. The enzyme rennin converts 
casein to paracasein and coagulates calcium para- 


caseinate. Acids release casein from combination 
with calcium and dissolve calcium phosphate, 
whereupon free casein precipitates; the calcium 
salts remain in the whey. 

Pure casein is an amorphous, tasteless, odorless, 
white solid. Commercial casein is slightly yellow 
with a pleasant odor. When dry and protected 
from insects and rodents it keeps well but damp 
casein molds and becomes disagreeably odorous. 
C use in is hygroscopic.; at 90 and 30% relative 
humidity it holds about 23 and 9% of moisture, 
respectively, based on the dry weight. The specific 
gravity when dry is 1 .25 to 1 .31. 

Like other proteins, casein is a mncromolecular 
substance composed of at least 15 amino acids 
that include, in decreasing order of content, 
glutamic acid, hydroxyglutamic acid, prolinc, 
valine, leucine, lysine, tyrosine, arginine, aspartic 
acid, phenylalanine, histidine, alanine, trypto- 
phane, prolific, and methionine. Casein belongs to 
the class of phosphoprotcins; it contains 0.85% 
of organic phosphorus and 0.70% of organic sulfur. 
The amino acids are joined through the peptide 
linkage, 11— XII — CO™ K', to form lnacromnlc- 
cules or micelles of flexible, coiled spiral structure 
and effectively spherical overall shape. The mi- 
celles, even as they exist in milk, differ in size 
stepwise, in a range of “molecular weight” from 
75,000 to 375, (XX), so that at. least, four fractions can 
be identified and separated, known as 0-, 7-, 
5-casein. Casein, therefore, may be considered a 
mixture of four or more closely related proteins. 

Casein is amphoteric and is isoelectric at pi I 
4.6, .where its solubility in water is minimum at 
0.01%. Below pH 1.6 acids form moderately soluble 
salts like casein chloride; above pll 1.6 bases form 
salts like sodium caseinate. Alkali salts are solu- 
ble in water without, limit; alkaline-earth and 
heavy-metal salts are nearly insoluble. Casein is 
a lyophilic colloid akin to albumin and gelatin 
and serves readily as a protective colloid and as 
an emulsifying agent. Solutions of caseinates form 
gels when slowly coagulated from concentrated 
solution. Casein and its salts are insoluble in most 
organic solvents. Formaldehyde forms a very in- 
soluble compound with casein. Paracasein, com- 
monly called rennet casein, is somewhat less lyo- 
philic but otherwise almost identical with casein. 

Naturally soured casein is made from skim-milk, 
rarely from buttermilk, by keeping the milk at 90 
to 110°F until it curdles. Five to 10% of sour whey 
from a previous lot. may be added to speed the 
process. Fermentation of milk sugar (lactose) 
by ever-present bacterium Streptococcus laclis 
produces lactic acid to decalcify and precipitate 
the casein. To make acid casein, warm skim-milk 
is acidified with dilute HCl or, less jDften, H2SO4 
in sufficient quantity to precipitate the casein. 
The acid process may be operated continuously. 
After precipitation the whey is drawn off, the curd 
washed thoroughly, drained or pressed, ground, 
and dried ai* a temperature not over 165°F. The 
HCl method permits recovery of lactose from the 
whey. 

To make rennet casein, warm Hkim-milk is “set” 
with rennet extract at 104°F until calcium pnra- 
caseinate clots. The clot is cut into small pieces, 
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the whey drawn off, the curd washed, drained or 
pressed, ground, and dried. The product contains 
combined calcium and calcium phosphate. Decal- 
cified rennet casein may be made by further treat- 
ing the curd with acid. 

The United States consume 50 to 75 million 
pounds of casein annually. From 1934 to 1942 
domestic production exceeded 46 million pounds 
annually; from 1943 to 1951 it was loss than half 
as much and since 1952 loss than 8 million pounds 
annually. The balance is imported. About 70% 
of the consumption is for coating paper, 25% for 
making glues, paints, and plastics, and 5% for 
many diverse uses, among which are prepared 
foods, medicines, cosmetics, seasoning and dress- 
ing leather, cleaners and polishes for white shoes, 
textile printing and sizing, insecticide sprays, and 
soap making. 

Industrial uses of cased n depend chiefly on its 
colloid properties of gelation, film formation, 
emulsification, protective action, and good ad- 
hesion. Since other proteins and synthetic macro- 
molecular substances have similar properties the 
position of casein is highly competitive. In no 
major use does casein enjoy clear-cut sujmriority 
over all alternative materials. 

Paper eoaliny>.. U\mk and art papers are made 
smooth enough to receive half-tone illustrations 
well by coating them with pigmented casein. A 
water slurry of suitable pigments is incorporated 
in a mildly alkaline solution of naturally soured 
or acid casein. Formaldehyde or lime may be added 
to improve resistance to water. The. mixture is 
applied in a coating machine and then dried. 

(Pars. Casein glues make strong joints that re- 
sist dampness for some time, though they are 
surpassed in water resistance by modern resin 
glues. Casein glues are used chiefly for woodwork- 
ing and plywood, less often for joining wood, pa- 
per, or other moist lire- permeable material to metal 
or glass. Naturally soured or acid casein is mixed 
dry with liine, one or more sodium salts whose 
corresponding calcium salts are nearly insoluble, 
and sometimes a fungicide. For use the dry mix- 
ture is stirred in water, whereupon the lime and 
soldiuin salts promptly dissolve and react to form 
sodium hydroxide, which dissolves the casein as 
sodium caseinate and makes a strongly alkaline 
solution, viscous enough for gluing. In further ac- 
tion an excess of lime converts sodium to calcium 
caseinate, which slowly coagulates, together with 
the insoluble calcium salts to a strong, irreversible 
gel. 

Paints . Casein may be used (1) for the vehicle 
or binder of paint or (2) as an emulsifying agent 
in the more recent emulsion paints and latex 
paints, all of which are thinned with water. The 
first may be powder paint, similar in composition 
to casein glue except for the further addition of 
pigments, or it may be paste paint, in which the 
pigments are dispersed in a mildly alkaline solu- 
tion of naturally soured or acid casein, to be di- 
luted with water to brushing consistency for use. 
In the second casein serves the necessary but sub- 
ordinate purpose of preventing coalescence of 
emulsified droplets of oil-, varnish-, or resin- 


vehicle and perhaps also of preventing agglomera- 
tion of dispersed pigments. 

Plastics. Casein plastics resemble horn, ivory, 
and marble. The chief use is for buttons for cloth- 
ing. Rennet casein is granulated, moistened and 
softened with water, kneaded, and dyes or pig- 
ments added for color. The mixture is extruded 
in rods or tubes from a heated screw-press. The 
soft plastic may then be molded in the desired 
shape after which it is hardened by long soaking 
in formaldehyde solution and finally dried slowly. 

Textile fibers that resemble wool can be made by 
extruding an alkaline solution of casein through 
spinnerets, strengthening the fibers by stretching, 
and hardening them in an acid bath containing 
formaldehyde. The fibers may then bo woven, 
felted, or used as bristles. 

Fhbderk'k L. Bkownk 
Crona -references : Proteins , Textile Chemistry , 
Colloid Chemistry , Adhesives 


CATALYSIS 

For many years it has been recognized that 
certain substances by their very presence arc able 
to alter the rate of chemical reactions. It was not 
until 1835, however, that this phenomenon was 
given a name. Hcrzelius called these substances 
“catalysts” and named the phenomenon “catal- 
ysis”. The name appears to have been well 
chosen. It was derived from two Greek words: 

■ kata”, meaning entirely and “lyo” meaning 
loose. The implication of the name is to the effect 
that a catalyst loosens the bonds of the reactant 
substances in such a way as to greatly alter the 
rate of reaction. At the time, it was decided that 
catalysis was due to some special “catalytic 
force”. It is now generally recognized, however, 
that the force.- involved are probably those of 
ordinary chemical reactions. The exact mechanism 
by which catalysts operate is still not certain. 
There certa’nly would be no disagreement among 
chemists, however, that catalysts do in some way 
“loosen up” the bonds of reactants and pro- 
foundly alter reaction rates. 

Strictly speaking, catalysts can either increase 
or decrease the rate of a reaction. A very large 
fraction of the literature on catalysis is devoted 
to systems in which the catalyst increases the rate. 
The retardation reactions, called negative ca- 
talysis, is known to exist, however. One com- 
mon theory of the action of negative catalysts is 
that they combine with and remove from the 
system traces of positive catalysts, or that they 
combine with intermediates in a chain reaction 
in such a way as to break the reaction chain. In 
the remainder of this description the discussion 
will be limited to the action of catalysts in ac- 
celerating chemical processes. 

It is frequently stated that a catalyst is a sub- 
stance capable of altering the speed of a reaction 
without itself necessarily undergoing any chemi- 
cal change. It. must be recognized, however, that 
according to present points of view a typical cata- 
lyst as it operates in a reaction may well have 
been altered considerably from the form in which 
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it wag added to the reactants. The changes arc 
especially notable in the composition of the sur- 
face layer of a catalyst, though in many instances 
changes throughout the body of the catalyst may 
also take place. For example, if an iron catalyst is 
placed in contact with a mixture of hydrogen and 
nitrogen at 450°C, the iron immediately becomes 
covered with a chemisorbed layer of nitrogen, hy- 
drogen and perhaps even ammonia molecules. 
Furthermore, the catalyst becomes saturated with 
dissolved nitrogen and dissolved hydrogen. It 
may even be true that these added gases influence 
the electronic characteristics of the solid catalysts 
in such a way as to be controlling factors in the 
activity of the iron as a catalyst. 

A more extreme instance of a change in the cata- 
lyst during use is afforded by the iron catalysts 
that are active in the synthesis of hydrocarbons 
from mixtures of carbon monoxide and hydrogen. 
Such a catalyst, which initially consists mostly of 
iron, changes very rapidly to a mixture of carbides 
and FcftCb . A certain small amount of the original 
alpha-iron also usually persists. It is important 
to know, however, that during the various 
changes in the solid phase of the catalysts, the 
activity often continues at u fairly steady level. 
It might perhaps be more accurate to say that 
the solid which is initially added to a reaction 
and which is commonly called a catalyst under- 
goes rapid changes in the presence of reacting 
gases to some form in which the surface becomes 
a combination of metal, reactant, and product 
atoms or molecules, the exact composition of 
which is often unknown. The persistence of ac- 
tivity for long periods of time indicates, how- 
ever, that this surface layer presumably reaches 
a steady state and does not change extensively, 
even though the underlying bulk phase, may 
become altered as a function of time. . 

Another important characteristic of a catalyst 
is the fact that a formula weight of catalyst will 
usually be effective in participating in the trans- 
formation of many formula weights of reactants. 
For example, iron synthetic ammonia catalysts are 
known to have operated effectively for periods of 
several years, in the course of which thousands or 
even millions of formula weights of ammonia per 
formula weight of catalyst were produced. Even- 
tually, catalysts lose their activity due to gradual 
sintering, accumulation of poisons, the occurrence 
of side reactions between the catalyst and one or 
more of the reactants, or the accumulation of 
products. In practice they may have to be re- 
generated every few minutes or not for years, de- 
pending upon the reactants, the catalyst, and the 
operating conditions. 

Catalysts merely speed rcactunls toward their 
normal chemical equilibrium but do not actually 
alter the position of equilibrium. Thus, for exam- 
ple, if a inixturo of three parts hydrogen and one 
part nitrogen is placed in contact with an iron 
catalyst at 450°C and a total pressure of one at- 
mosphere, the final equilibrium amount of am- 
monia will correspond to 0.23% of a gaseous phase. 
This figure therefore represents the upper limit of 
the per cent ammonia that can be produced in a 
stream of 3: 1 hydrogen to nitrogen gas over an iron 


catalyst at this particular temperature and at at- 
mospheric pressure. It must be kept in mind that 
in complex reactions a catalyst frequently can 
yield many products. It docs not always follow 
that the products formed will be those which 
would be obtained if equilibrium existed among 
all the various products. For example, cetane can 
be cracked over a silica-alumina catalyst to a 
variety of hydrocarbons. It is well known that the 
ratio of isobutane to normal butane obtained as a 
reaction product at a given temperature is always 
considerably in excess of the ratio that would exist 
if these gases were in contact with the catalyst 
long enough to permit sufficient isomerization of 
iso- to normal butane. It so happens in this in- 
stance that, under operating conditions the crack- 
ing reaction occurs at a relatively faster rate than 
the isomerization reaction among the reaction 
products. 

Catalysts may he solids, liquids or gases. If the 
reactants and catalysts comprise two separate 
phases, as in the case of gases reacting over solids, 
or liquids reacting in the presence of finely divided 
solids, the phenomenon is frequently referred to 
as heterogeneous catalysis. On the other hand if the 
catalyst and the reactants are all dispersed us a 
homogeneous phase, the process is usually desig- 
nated as homogeneous catalysis. Iron catalysts 
for the synthesis of ammonia represent a good 
example of heterogeneous catalysts; on the other 
hand, acids in solution may act as catalysts for 
different components of a liquid phase by a process 
of homogeneous catalysis. Most of the present 
discussion is devoted to heterogeneous eatalvsis 
but a few brief remarks will also be made relative 
to some of the essentials of homogeneous catalysis. 

Preparation and Nature of Solid Catalysts. 
Catalysts may consist of elements, compounds or 
amorphous mixtures of complexes or compounds. 
Among the elements, the metals are particularly 
useful as catalysts. Among compounds, metallic 
oxides and metallic sulfides are outstanding. Prob- 
ably the principal example of an amorphous mix- 
ture of complexes or compounds is the silica-alu- 
mina catalyst used in cracking hydrocarbons. 

One important characteristic of catalysts is that, 
they are usually highly specific in their activities. 
For example, a catalyst may well be active for the 
hydrogenation of certain bonds of organic com- 
pounds and yet completely inactive for the hy- 
drogenation of other bonds. Thus, iron catalysts 
produced by the reduction of the oxide have been 
shown to be capable of hydrogenating ethylene at 
temperatures as low as — 100°C; for this reaction 
they have activities comparable witfc the activity 
of nickel catalysts. On the other hand, these same 
iron catalysts arc incapable of hydrogenating 
benzene to cyclohexane even at 200°C, whereas 
nickel catalysts are very active for 'this reaction 
at room temperature. This property of a cata- 
lyst — to be specific in regard to its action — is 
extremely important. In those systems in which a 
multiplicity of activities might be involved, this 
specificity of catalysts is for the most part an 
inherent characteristic of a given surface. More- 
over, it is also dependent to a certain extent upon 
the pore size and pore distribution of the catalyst. 
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For example, catalysts for partial oxidation should 
presumably have a pore size sufficiently large to 
lower the probability of oxidation of the desired 
intermediate product to carbon dioxide and water 
while it is passing out of the pore structure of the 
cutalyst into the main gas stream. 

Traditionally, catalysts are prepared in such a 
way as to produce large surface areas. They are 
therefore usually either finely divided or porous or 
both. For the maintenance of a large surface area 
of the catalytic component, use is frequently made? 
of substances which in themselves arc inert, but 
which are capable of supporting the active cata- 
lyst in a form that resists sintering. Common sup- 
ports are alumina, kicselguhr, silica gel, and even 
silica-alumina catalysts. 

E\idence very strongly suggests that the activ- 
ity of a catalyst is often centered in only a small 
fraction of the catalyst, surface. The nature of 
these active points or active regions is still very 
much a matter of dispute. Sometimes they are 
created by adding impurities known as promolors. 
For example, the addition of about. 1% of potas- 
sium oxide and 1% of some inert oxide such as 
aluminum oxide to an iron oxide catalyst yields 
on reduction a porous iron solid partially covered 
with these added promoter materials. Such cata- 
lysts are much more active at high pressure than 
those produced by the reduction of pure iron oxide 
or those catalysts containing, for example, only 
aluminum oxide as promoter. It thus appears that 
one must attribute some intrinsic activity to the 
interface between the promoter components and 
the metal surface. Regardless of the nature of the 
active regions, there is no question but that the 
surface of most solid catalysts is very non-uniform 
in activity. The actual preparation of catalysts 
frequently involves the reduction of metallic 
oxides or compounds to the metal form after the 
addition of necessary promoters. The oxides them 
selves are prepared in an amorphous or finely 
crystalline condition by precipitation under 
proper conditions and in the presence of suitable 
promoters. 

Catalysts are usually subject to poisoning. This 
involves the deposition of certain impurities in 
such a way as to render the active centers or active 
portion of the catalyst surface inactive. For ex- 
ample, traces of hydrogen sulfide in a stream of 
hydrogen will usually cause a rapid decrease in 
the activity of a metallic hydrogenation catalyst. 
These poisons may be temporary and capable of 
being removed by some suitable treatment of the 
catalyst for a short, period of time by one or both 
of the pure reactants; or they may be incapable of 
being removed by such procedure and will become 
permanent.. For example, traces of oxygen or water 
vapor in a hydrogen-nitrogen mixture will serve 
as temporary poisons for an iron catalyst. How- 
ever, treatment, of the catalyst at normal oper- 
ating temperature by a stream of pure hydrogen 
or pure hydrogen and nitrogen will rapidly remove 
this oxygen poiBon and thus regenerate the cata- 
lyst. In contrast to this, during the cracking of 
hydrocarbons over silica-alumina catalysts, car- 
bonaceous deposits are built, up on the catalysts. 
These deposits have to be periodically removed 


by combustion in order to restore the catalyst to 
its initial activity. 

Exact details of the nature of the catalyst sur- 
face cannot at the present time be specified. A re- 
cent. trend tends to classify catalysts as being 
metals, semiconductors or insulators. This classifi- 
cation throws emphasis on the electronic structure 
of the solid as a very important one in determining 
the nature and extent of catalytic action. It is 
also currently popular to interpret the "active 
points" or "active regions" of catalysts in terms 
of lattice defects that have been built up in a 
catalyst by the addition of impurities, by the re- 
moval of certain atoms from the original com- 
pounds to produce non -stoichiometric compounds 
frequently characterized by high conductivity, or 
by the preparation of the catalyst in such a way as 
to produce numerous lattice irregularities or dis- 
locations. Much more experimental vrork will be 
required before the exact nature of the catalyst 
surface can be described with any certainty. 

To illustrate the types of catalysts and typeB of 
reactions tha* are especially important, a limited 
number of examples arc itemized in the accom- 
panying table. Attention is also called to current, 
commercial use that is being made of certain of 
the catalysts and reactions. 


Tyi>e of Catalyst Typical Catalysts 


Reactions Catalyzed 


Acid 


llydrogcnation- 

dehydrogena- 

tion 


Cyclizntinn nnd 
iiromatizution 


Oxidation 


Tydration- 

dehydration 

Hulogenations 
Dual Type 


silica-uluminu 
II F 

11=80, 1I»P0 4 

lUPO« 

Ni 

Fe 

Ft*. Co 
I'l I'd, Kit 


FeiOi . MoOi , CraOi 

ZnO, CraOi 
Ft, MoOa , CrjOa 


\\O t , MoO, , WOj 
AgjO 

FojOi , CusO-CuO, 
Ft, MnO, , BijOj 
AlsOi , TliO* 


Metallic Iodides 
l*t, MoOj , or Or*Oa 
on ueid type sup- 
port* 


Cracking of hydrocar- 
bons 

Alkylation 

iHomerization of hydro- 
carbons 

Polymerization of ole- 
fin* 

Oils to fate 
Ammonia gynthoai* 
Hydrocarbon synthesis 
Hydrogenation of 
double lainda and 
other carbon linkages 
High temp, dehydro- 
genation 

Methanol synthesis 
Heptane to toluene 
Straight-chain hydro- 
carbons to cyclic and 
aromatic hydrocar- 
bons 

Partial oxidatiun of or- 
ganic compounds 
Ethylene to ethylene 
oxide 

Complete oxidation 
Alcohols to olefins and 
water vapor, and the 
reverse 

Deacon process 
Hydroreforming of hy- 
drocarbons 


Mechanism of Catalytic Reactions. From 
what has so far been stated, it. is evident that the 
mechanism of catalytic reactions must, be as ob- 
scure os the nature of the catalyst surface itself. 
Progress is being made in elucidating both the 
mechanism of the reactions and the nature of the 
catalyst surface. It seems to be generally agreed 
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that solid catalysts invariably combine chemically 
at the surface with one or more of the reactants. 
This combination is referred to as chemical adsorp- 
tion or chemisorption . For example, both nitrogen 
and hydrogen are capable of being chemically ad- 
sorbed on iron catalyst at. the temperature at 
which these gases are capable of combining to form 
ammonia. Silica-alumina cracking catalyst for 
cracking hydrocarbons in the temperature range 
of 400° to 500°C are sometimes cited as an excep- 
tion to this rule. The most recent data, hoivever, 
seem to indicate that chemical interaction between 
the reactants and this catalyst surface does actu- 
ally occur, but takes place on only a very small 
fraction of the surface of the catalyst. 

The action of the metallic catalyst has for many 
years been related to the geometric spacing and 
arrangement of the metal atoms with respect to 
the molecules of the reactants. Thus, for exumple, 
Beeck found that a plot of the spacing of the atoms 
of pure metal films against the activity of these 
films for the hydrogenation of ethylene yielded a 
curve with a maximum corresponding to activities 
larger by several orders of magnitude than the 
activity of some metals lower on the curve. Thus, 
a thin film of rhodium wus, per unit area at a given 
temperature, about 1000 times as active as a thin 
film of nickel. 

More recently, this difference in activity has 
been attributed to the electronic characteristics of 
the individual metals. Beeck showed that his data 
can be represented as a smooth curve if the loga- 
rithm of the activity per unit area of catalyst is 
plotted against the per cent d-charactcr of the 
metal, as interpreted by the Pauling hybridized 
bond tkeo. y of metals. In a very spectacular dem- 
onstration of the way in which the electronic 
characteristics of a metal may influence activity, 
Dowden and Reynolds showed that adding copper 
to nickel gradually filled the “d-band vacancies” 
in the nickel and at the same time lowered the ac- 
tivity of the catalyst for the hydrogenation of 
styrene. As a matter of fact, the activity dropped 
to approximately zero when enough copper had 
been added to make the alloy consist of 40 atom 
per cent copper and GO atom per cent nickel. This 
result w r as interpreted as indicating that one or 
both of the reactants on the catalyst surface 
tended to transfer electrons into the lattice of the 
solid. It must be pointed out, however, that for 
the hydrogenation of other molecules, catalysts 
containing certain amounts of copper are defi- 
nitely more active per unit area than nickel itself. 
For example, the rate of hydrogenation of ethylene 
to ethane has been reported to be many -fold 
greater for catalysts containing 20 to 50 atom per 
cent copper than for pure nickel. 

For oxide catalysts, such as vanadium pentoxide, 
molybdenum trioxide, zinc oxide, and chromium 
oxide, evidence is accumulating 1o indicate that 
the steady state composition of the solid w'hich 
catalyzes a reaction is definitely different from 
that of the original stoichiometric compound. It 
is also known that the electrical conductivity of 
these compounds changes by many orders of mag- 
nitude as lattice defects are built up. These de- 
fects, in some instances, are produced by adding 


excess oxygen (p-type semiconductors) and in 
some instances by removing atoms from the initial 
stoichiometric compound (n-type semi-conduc- 
tors). Although definitive data for correlating tho 
conductivity of a semiconductor with its activity 
as a catalyst are for the most part still lacking, 
there seems to be little doubt that the creation of 
lattice defects is important in and perhaps essen- 
tial to the catalytic action of solids. Some workers 
in the field believe that all catalytic reactions are 
controlled essentially by the electronic character- 
istics of the solids. Others admit that certain reac- 
tions are so controlled, but that some reactions, 
such as catalytic hydration and dehydration, may 
take place by mechanisms that are not concerned 
with the conductivity of the solids. 

In conclusion, it may be well to mention a few of 
the newer research tools that are now' available to 
help unravel the factors that are important, in 
producing active catalysts. These include methods 
for measuring the surface area of a finely divided 
or porous catalyst (see RKT Theory); for meas- 
uring the pore Hize and pore distribution of cata- 
lyst; and for obtaining values of the electrical 
properties of the catalyst particles. In addition, 
electron diffraction, x-ray diffraction, and the 
electron microscope are yielding valuable infor- 
mation about, the solid phase and in some instances 
about the surface layer of the solid catalyst. 
Finally the use of radioactive and nonradioactive 
tracers is helping to elucidate the way in which 
certain catalytic reactions take place. For exam- 
ple, tracer experiments employing radioactive 
alcohols, aldehydes and other oxygen compounds 
seem to establish that the synthesis of hydro- 
carbons over metals such as iron takes place 
through formation of an oxygen complex on the 
surface by the interaction of carbon monocle and 
hydrogen. These various tools and approaches 
should in the years immediately ahead furnish 
a very much better picture of the nat ure of catalyst 
surfuccs and catalytic action than is available at 
present. 

Homogeneous Catalysis. The action of a 
homogeneous catalyst is, in a sense, less complex 
than that of heterogeneous catalysts. For the most 
part catalysis in homogeneous systems seems 
necessarily to involve the formation of inter- 
mediate chemical complexes. For gaseous reac- 
tions catalyzed by gases this is usually particu- 
larly clear-cut. For example, nitrogen pentoxide is 
known to catalyze the decomposition of ozone. 
This catalysis apparently takes place as a result of 
nitrogen pentoxide decomposing into lower oxides 
of nitrogen plus oxygen. The lower oxides of nitro- 
gen then react rapidly with ozone to produce 
oxygen and to regenerate nitrogen pentoxide. 
This process repeats itself, until all the ozone is 
exhausted. The rate of ozone decomposition under 
these circumstances will be governed by the in- 
trinsic rate at which nitrogen pentoxidfe decom- 
poses. 

In homogeneous catalytic reactions occurring 
in solution, the interpretation of results is fre- 
quently much more difficult than for homogeneous 
gas catalysis. This is due to a number of factors. 
To begin with, catalysts and reactants in solution 
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arc subjected to all the numerous variables that 
characterize reactions in liquid phase. These in- 
clude phenomena of ionization in solution, com- 
plex formation, salting out effects, activity coeffi- 
cients of reactants and catalytic components, and 
specific effects to be associated with the solvent 
medium and the presence of various added sub- 
stances, which in some way affect the properties 
of the solutions. 

Probably most examples of homogeneous cataly- 
sis full in one of two classes. These may be desig- 
nated as acid-base catalysis and oxidation-reduc- 
tion catalysis. In the former category arc the 
many reactions in solution that apparently are 
catalyzed by protons or liydronium ions on the one 
hand, or by hydroxyl radicals on the other. In the 
second category are reactions such as the decom- 
position of hydrogen perxoide capable of being 
catalyzed by the various metallic ions, such as 
those of copper, nickel, cobalt and iron. In this 
connection, it should be pointed out that fan- 
tastically small amounts of copper ion have been 
shown to have positive effects on certain reactions. 
Concentrations as low as 10~ 13 molar for copper 
ions in solution will produce a definite catalytic 
effect on the catalytic oxidation of sulfite ion to 
sulfate, ft should perhaps also be pointed out that 
for just such systems the action of negative cata 
Ivsts is most pronounced. Any substance capable 
of combining with «omc of these minute traces of 
positive inetal ion culalysts would cause* enormous 
changes in the rate* of reaction, even though the 
negative catalyst might be present in quantities 
comparable in magnitude to the traces of positive 
ion that arc* effective for the reaction. 

Typical examples of homogeneous catalysis in- 
clude the acid-catalyzed inversion of sucrose; the 
decomposition of hydrogen peroxide into water 
and oxygen as catalyzed by various metallic, ions; 
the isomerization of ris and tram ethylenic com- 
pounds by iodine; and the oxidation of sulfite ions 
to sulfate ions by oxygen in the presence of 
various metallic ions. 

In conclusion it should be mentioned that en- 
zymes are naturally occurring organic catalysts. 
They are distinguished by the fact that they cata- 
lyze reactions that are essential to processes of 
human, aniniul, and plant metabolism. Some en- 
zymes have such low molecular weights that they 
may be classed as homogeneous catalysts; others 
are part of such large molecules that they can 
probably best be classified as heterogeneous cata 
lysts. They are characterized by an astonishing 
specificity and by a very high order of effectiveness 
(See Enzymes). 

Pari- H. Emmett 


CATIONIC AGENTS 

Cationic agents exhibiting surface activity are 
those compounds in which, on ionization, a posi- 
tive charge resides in that portion of the molecule 
containing the long hydrocarbon moiety. Associ- 
ated with this cation is a negatively charged ion, 
usually, though not necessarily, a halide, acetate, 
methosulfate or hydroxyl. Such a molecule is di- 


rectly opposite in character to the anionic agents, 
the soaps, alkyl sulfates, alkyl aryl sulfonates, 
etc. However, because of the internal balance of 
hydrophobic and hydrophilic groupings, the cat- 
ionics exhibit marked surface activity und arc 
often referred to as 1 ‘invert** soaps. Included in 
this classification are the arsonium, phosphonium, 
isothiouronium, hydrazonium, alkyl ammonium, 
quaternary ammonium, etc. salts, of which the 
latter tw r o are the most important, chemically and 
economically. 

The production of cationic surface -active 
agents has risen from 5 million pounds, valued at 
3.66 million dollars, in 1945, to 58 million pounds, 
worth some 20 million dollars, in 1953. In general, 
the members of this group of compounds have 
common functions, centering about their high 
germicidal activity, their ability to act as emulsi- 
fiers and wetting agents, their detergent proper- 
ties, and their substantivity, their tendency to 
plate out on negatively charged surfaces, impart- 
ing a hydrophobic, w'ater-repellent surface film. 

The eat ionics, except for the free amines, are 
generally salt like in character, water-soluble and 
hydrocarbon -insoluble. They are usually prepared 
and used in the form of the hydrochloride, the 
acetate or the fatty acid salt, although any com- 
patible mineral or organic acid may be used. The 
amines are organic bases, water insoluble and hy- 
drocarbon soluble, and, like the other members 
of this group, are incompatible with the anionics. 
A double decomposition type of reaction occurs, 
usually producing an insoluble product. 

The cutionics can be divided, roughly, into 
nitrogen- and non-nit rogen-containing com- 
pounds. The latter group includes the sulfonium, 
arsonium, antinumiuni, phosphonium, etc. salts. 
Of these only the phnsphoniuins have achieved 
any commercial significance, and only to the ex- 
tent of 1-2% of total cationic sales in 1952. They 
are, at I he moment of little commercial value, 
although they tend to parallel the quaternary 
ammonium salts in activity. 

The nitrogen -containing cutionics include the 
primary, secondary and tertiary amines and their 
w T ater-soluble salts, and the quaternary ammo- 
nium salts derived from the amines. 

Considering the amines first, they probably 
represent the bulk of the cationic materials pro- 
duced in this country, although published figures 
do not always distinguish between these and the 
quaternary ammonium salts. The simplest of the 
amines are the mono- and di-alkvl -amines, or their 
salts, which ionize in water. 

These surface -active primary, or symmetrical 
secondary, amities are prepared by the catalytic 
hydrogenation of the corresponding nitriles and 
•ire sold under the trade name “Armeens”. Produc- 
tion of these compounds has been climbing rap- 
idly, although they were unknown commercially 
before ca 1940. 

The long-chain primary amines arc distillable 
organic bases, irritating to the skin, and toxic. 
The symmetrical secondary amines arc much 
higher boiling and much less toxic. Their salts 
behave as colloidal electrolytes in solution and 
tend to undergo micelle formation; they show 
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marked surface activity and are generally poly- 
morphic. Chemically, the primary amines are ex- 
tremely reactive, containing two active hydrogens 
on the nitrogen atom. They form carbamates on 
exposure to CO* in the air; thioureas and dithio- 
carbamates with carbon disulfide; double salts 
or complexes with inorganic metal salts; addi- 
tion compounds with conjugated double bonds; 
salts and amides with fatty acids; isocyanates with 
phosgene; can be alkylated (with ethylene oxide 
or methyl chloride, e.g.), etc. The salts of the sym- 
metrical dialkyl amines are especially interesting 
in that, though polar compounds, the large hydro- 
carbon moiety tends to make for solubility in hy- 
drocarbon solvents. 

The amines and their salts may be used as selec- 
tive flotation agents, for the separation of KC1 
from NaCl, e.g. where introduced air bubbles float 
the hydrocarbon -coated particles; as asphalt addi- 
tives, for the prevention of wet-weather stripping 
from the aggregate; as pigment grinding or dis- 
persing agents; as corrosion inhibitors, by the 
deposition of films impervious to water, CO 2 and 
Ot ; as lubricuting aids, etc. There are, in addi- 
tion, a host of miscellaneous applications such as 
their use as internal mold-release agents, as ex- 
trusion lubricants and scorch retarders in butyl 
rubbers, as slow-drying caulking compound addi- 
tives, as cutting oils, as color flushing agents, as 
anti-static agents, and as base compounds that 
can be fully alkylated to the corresponding quater- 
nary ammonium salts. 

The other lurge group of non -quaternary nitro- 
gen-containing cationics is the ainido-aniines, 
prepared by reacting a fatty acid and a polyamine. 

The amine reactant may contain more than two 
amino groupings and may also contain other func- 
tional groups, such as the hydroxyl, so that many 
representative samples of this class of compounds 
are possible. Many have been prepared commer- 
cially. 

The imidazolines are another group in the nitro- 
gen-containing cationic agent classification. These 
are prepared by the thermal cyclization of an 
amido-amine containing a free secondary amine 
function. 

Among the other miscellaneous classifications 
that should be listed here are the ester amines 
(from the fatty acid and dimethyl ethanolamine 
or triethanolamine, e.g.); aniline derivatives, in 
which the nitrogen is attached directly to the aro- 
matic ring (dodecyl aniline, e.g.); iso-thiouronium 
salts; glycine esters of long-chain alcohols; amine 
addition products to malcates; vinyl pyridines; 
cyclic nitrogen containing compounds; (pyridines, 
quinolines, benzimidazolines) guanidines; tertiary 
amine oxides; ether containing amines; oxazolincs 
(“Alkaterge") ; urethanes; morpholines; etc. 

The other large subdivision of cationic agents 
is that comprising the quaternary ammonium 
salts. Quaternary ammonium salts are cationics 
containing a pcntavalent nitrogen atom, of the 
general formula (ItiNJ+X - ', where the It’s are any 
alkyl, aryl or heterocyclic grouping, the same or 
different, and X is an anion, usually halide or 
methosulfate. 

The quaternary ammonium salts may be formed 


from any of the cationics mentioned abovo which 
can be isolated as the free base. Quaternization 
occurs directly, with tcritary amines, by heating 
with an alkylating agent, e.g. methyl chloride, 
benzyl chloride, dimethyl sulfate, etc. With pri- 
mary and secondary amines, alkali (sodium hy- 
droxide or bicarbonate) must be present to neut ral- 
ize the hydrochloric acid formed in the reaction 
and allow it to proceed to completion. 

Although the quaternary ammonium salts were 
known from the early 1900's, they were essentially 
a laboratory curiosity until ca 1935, when interest 
in these salts was revived with the discovery of 
their highly bactericidal properties. Production 
of these compounds, in 1946, was about 1.1 million 
pounds, valued at $930,000; in 1952, production 
rose to 4.2 million pounds, worth $3.2 million, a 
high point in quaternary production. Expecta- 
tions arc good, however, that, production will 
increase, and probably lias already, beyond this 
level. 

The quaternary ammonium salts ionize as true 
cationic salts, give very strongly basic quaternary 
ammonium ions on treatment with alkali and arc 
soluble, generally, in waiter and insoluble in hydro- 
carbons. Those prepared from the symmetrical 
dialkyl amines, however, are hydrocarbon soluble 
too. Variation in anion and cation can be quite 
extensive, so that wide differences are possible in 
physical and chemical properties. 

Quaternary ammonium salts, like the amine 
salts, are usually white crystalline solids or viscous 
liquids, quite hygroscopic, decompose on heating 
(to the. corresponding tertiary amine, generally) 
form micelles at specific concentrations, are ad- 
sorbed -on negatively charged surfaces and are 
generally incompatible with anionics amrVertnin 
proteinaceous materials. The hydroxides of these 
salts cunnot be isolated as such, but exist in solu- 
tion ns very strong bases. Analysis is well defined 
and accurate to several ppin., using indicator 
titration or colorimetric techniques, and the salts 
are usually non -toxic and non -irritating at most 
internal or external use concentrations (ca 1 : 1000), 
although wide variations are noted in individual 
compounds. 

The largest number and variety of applications 
of the quaternary ammonium compounds center 
about the ability of these compounds to inhibit 
or kill organisms. From a bactericidal standpoint 
they are extremely efficient, with phenol coeffi- 
cients in the 300-400 range. Killing efficiency in- 
creases with pH, and the optimum chain length 
centers about 16 carbon atoms, although varying 
functional groups and organisms will affect this 
optimum. Inactivation of hard water is more 
pronounced toward Gram (— ) organisms, killing 
dilutions vary from 1:7000 to 1:60,000 depending 
upon organism and molecular configuration, and 
water solubility is generally good, making for 
general applicability os a disinfectant." 

The quaternary ammonium suits have .been used 
in the sterilization of dental and surgical instru- 
ments, as post-operative skin and wound steriliz- 
ers, in urological, obstetrical and gynecological 
applications, for sanitizing fruit before squeezing 
for frozen juice, in operating room clean-up and 
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scrub work, for creamery machinery and food-es- 
tablishment utensil clean-up, for egg treating, as 
a preservative (anti-mold agent) in casein base 
paints and liquid starches, as an algae controller 
in swimming pools and cooling systems, as an anti- 
fungicide, etc. 

Their ability to retain moisture and act as con- 
ductors, coupled with their tendency to be ad- 
sorbed on certain textiles and plastics, makes them 
promising anti-static agents. In addition, they 
serve as textile detergents and assistants and sup- 
ply a soft “hand** to some fabrics and papers. They 
are especially good softeners for cotton fabrics. 

The quaternary ammonium salts form acid 
stable emulsions and wetting agents (they have no 
detergent properties on the alkaline side), for her- 
bicides and insecticides, for the fat liquoring of 
leather, for depositing mineral oil on metals (as 
anti -corrosion agents), etc. 

They function as dye assistants, by reducing 
dye solubility and giving greater fabric deposition, 
as dye levelling agents and penet runts for cellulo- 
sic fibers, and in improving the wuhIi fastness of 
colors. 

Pharmaceuticals containing quaternary am- 
monium groupings exhibit antispasmodic and 
parasymput liomimetic activity. 

In addition, the quaternary ammonium salts 
exhibit certain miscellaneous functions: they act 
as foam rubber latex sensitizers, as lubricants and 
corrosion inhibitors in cutting oils. ns wetting 
agents in buffing sticks, as demulsifiers (by pre- 
cipitating anionic foamers), as grease additives 
(by an interchange reaction with bentonites) and 
in secondary oil recovery work by destroying im- 
peding organisms and sulfur producers (eliminat- 
ing corrosive by-products) and acting as pore 
penetrants and oil releasors. 

The cat ionics as a class do not approach the 
volume production of the anionics, of course, but 
their versatility and inherent properties make 
them a good potential bet for increased production 
and application. 

M. K. McCorklk and Paul DuBrow 
Cross-references: Aminett, Soaps, Detergents 


CAVENDISH, HENRY (1731 1810) 

Henry Cavendish, the English chemist and 
physicist, is remembered chiefly for his research 
-on gases demonstrating the constitution of water 
and nitric acid. He was born on October 10, 1731 
in Nice. As the nephew of the third duke of Devon- 
shire, he was an extremely wealthy man. However, 
he lived a simple life using his money almost solely 
to support his avid interest in natural science. He 
was a shy, almost, hermit-like individual but sel- 
dom missed a meeting of the Royal Society of 
which he was a fellow. He was not interested in 
fame or learned degrees and his formal education 
at PeterhouMC, Cambridge was not completed. 
Ho never married and died in his home at, Clap- 
ham on Feb. 21, 1810. 

lie was an ingenious and accurate experimenter 
but many of his papers remained unpublished until 
long after his death. He adhered to the phlogiston 


theory, although he admitted that his findings 
could be explained with equal facility by the prin- 
ciples enunciated by Lavoisier. 

In his work on gases, he developed methods for 
drying them with anhydrous potassium carbonate, 
storing them over mercury and correcting volumes 
for variations in temperature and pressure. He 
investigated the preparation and properties of 
hydrogen which he recognized as substantially 
pure phlogiston. By means of his metallic eudiom- 
eter, he clearly demonstrated the formation of 
water by the reaction of hydrogen with oxygen 
(dephlogisticated air). This technique also enabled 
him to synthesize nitric acid from the nitrogen of 
the air (phlogisticated air). In carrying out these 
experiments, he reported that approximately 
\ 120 of this phlogisticated air could apparently n ot 
1)0 converted to nitric acid. This evidence of the 
existence of the inert gases remained unexplained 
for approximately 100 years. These discoveries on 
the synthesis of water and nitric acid were pub- 
lished in two papers which appeared in the 
Philosophic Transactions in 1784 and 1785. In his 
experiments with curbon dioxide or fixed air, 
Cavendish demonstrated that this gas was pro- 
duced by fermentation as well as by the action of 
acid on marble. 

Cavendish also investigated electricity and ther- 
mochemistry, obtaining results that would have 
been revolutionary if they had been published 
during his life. In 1708, he presented a paper re- 
porting the density of the earth as measured by 
a series of clever experiments. 

The Cavendish Physical Laboratory was built 
as a memorial to Henry Cavendish by the seventh 
Duke of Devonshire. 

J. Frederic Walker 


CELLULOSE 

Cellulose, (CflHmOs),, , is a naturally occurring 
carbohydrate high polymer, hydrolyzable to glu- 
cose, and consisting of an hydroglucose units 
linked together to form long molecular chains. 
The cellulose linkage is beta-glucosidic, which 
distinguishes cellulose from alpha-glucosidic 
starch and glycogen. The molecular chains are 
essentially linear. In natural cellulose the number 
of anhvdro-glucose units linked together (degree 
of polymerization) is typically 1(M)0 to 3000, with 
a molecular weight of 160,000 to 480,000. Cellulose 
is a colorless solid of specific gravity about 1.50, 
insoluble in water and in all organic solvents. 

Cellulose forms the skeletal structure of the cell 
vulls (hence the name rc//ulosc) in the woody 
portions of all plants. Here it is found imbedded 
in, or in part combined with, ligneous and other 
noncellulosic components of the plant. Cellulose 
also occurs in a relatively pure state in the stiffen- 
ing fibers of grasses and reeds (such as flax and 
ramie) and in the seed hairs (cotton). It is a very 
common material, making up about one-third of 
all vegetable mat ter. 

Wood contains 40-50% cellulose, 20-30% lig- 
nins, 10-30% hemi -celluloses and polysaccharides 
other than cellulose, and about 1.0% minerals in 
the form of ash. Cotton is a relatively pure natural 
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cellulose, containing only 3-15% of noncelluosic 
matcriul. 

Wood cellulose which has been separated from 
impurities by chemicals is broadly spoken of as 
woodpulp. Recent practice, however, distinguishes 
between a woodpulp , defined as purified cellulose 
suitable for such purposes as the making of paper, 
and chemical cellulose , defined as cellulose which 
has been more highly refined and is suitable for 
the most exacting chemical uses. The complex 
noncellulosic substances co-existing with cellulose 
in wood have been termed si Ivi chemicals, and the 
study of this field, silvichemistry. 

Highly purified cellulose derived from cotton is 
termed cotton pulp , cotton 1 inters or Hitlers pulp. 
Cellulose fibers used in their natural form are 
termed natural celluloses. In this group are cotton, 
linen, jute, hemp, sisal and ramie. 

Cellulose may be thought of as a derivative of 
the six-carbon polyhydroxy alcohol, glucose, 
which exists in the tautomeric forms: 
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When the alcohol in the glucosidic reaction is 
another molecule of glucose, condensation from 
the number 1 carbon of one glucose to the number 
4 carbon of the. other gives a structure correspond- 
ing to the cellulose polymer: 
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Clucose reacts with alcohols to form the hemi- 
acetal or glucoside: 
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Note that, cellulose has the pyranosr (mx-mem- 
bered) ring and that there are two secondary hy- 
droxyls and one primary hydroxyl group available 
for Chemical reaction. 

Wood cellulose in North America is largely pro- 
duced in the Pacific Northwest including Western 
Canada and Alaska (Western hemlock and spruce), 
in Eastern Canada and New England (Northern 
spruce and hardwoods), and in the Southeast and 
South (Southern pines). Wood cellulose is also 
produced in major quantities in the Scandinavian 
peninsula. The major processes used in chemical 
pulping are the sal file process and the alkaline 
processes. The latter consist of the sulfate ( kraft ) 
process and the less-used soda process. 

In mechanical pulping ( ground wood ), wetted 
wood is forced against a revolving stone and sepa- 
rated into fibers. The product is used in hook- 
print and newsprint. 

Sulfite digestion. After debarking, wood is cut 
into small chips and “cooked” at. elevated tem- 
peratures and pressures in large pressure vessels 
or digesters. The cooking liquor is an aqueous solu- 
tion of an alkaline-earth bisulfite*, usually Ca 
(IISOj) 2 , plus excess SO, . The digestion primarily 
converts the lignins present into soluble ligno- 
sulfonates. 

Sulfate digesHon. The lignins are solubilized by 
cooking in an aqueous solution of NaOH plus 
Na 2 S. Sulfur loss in the process is made up by the 
uddition of Na 2 S0 4 ; hence the name sulfate 
process. 

Soda digestion. Aqueous NaOH is used as the 
cooking liquor. 
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Pulp purification. The*, pulps obtained from any 
of the above digestions are subjected to later 
stages of purification known as bleaching stages. 
In these the cellulose is both purified and decolor- 
ized. Yield following digestion is about 50% , 
following bleaching, about 40%. 

Colton linters pulp. To produce cotton pulp, 
cotton linters (short fibers adhering to the seed 
after ginning) are digested with caustic soda, 
wushed and bleached. Jf the linters are to be sold 
in bulk form, the bleached fiber at this stage is 
mechanically fluffed, dried and baled for ship- 
ment. If sold in sheet form, the bleached fiber is 
formed into a continuous sheet on a paper ma- 
chine, dried and cut into specified sheet, sizes. 
Yield is about 75%. 

Cotton libers (seed hair from the Gossypium) 
are made up of concentric lamellae of spirally 
wound fibrils, with reversal of the wind at inter- 
vals. Wood fibers also have a well-defined macro- 
structure, with lamellae ami sheathes. Wood 
fibers are about Jis- inch long in hardwoods and 
about 1 6-inch long in softwoods, with over 142 
million fibers per ounce of cellulose. 

Cellulose derivative solutions are characterized 
by high viscosity. This viscosity is largely deter- 
mined by the average degree of polymerization of 
1 he cellulose used in a given manufact uring process 
(I).I\, equals the number of anhydro-glucose units 
per molecular chain). The viscosity may also be 
adjusted by a controlled chain length shortening 
(degradation) carried out as part of the process 
itself. 

Cellulose is commonly characterized by its 
alpha, beta and gamma cellulose content. Alpha- 
cellulose corresponds to material of high D.P.; 
beta and gamma cellulose, collectively termed 
hemieellulose , are of lower J).I\ Alpha-cellulose 
represents usable cellulose in the chemical manu- 
facturing processes; hemieellulose may be in part 
lost and not appear as yield in the final product. 


Degree of Polymerization (D.P.) 


Natural cellulose 
Cotton linters pulp 
Wood chemical cellu- 
lose 

Lowr-viscosity wood 
. cellulose 
Viscose rayon yarn 
Acetate rayon yarn 
Alpha cellulose 
Beta cellulose 
Gamma cellulose 


3000 

2000 

1000 

700 

400 

250 

D.P. greater than 200 
D.P. 10 to 150 
D.P. 10 or less 


Cellulose is polycryslalline , that is, it is not in 
any sense a single crystal but consists of ciystal - 
line areas imbedded in amorphous areas. The crys- 
talline areas are oriented and crystalline with 
respect to the cellulose molecules composing them 
and, in addition, the crystalline areas themselves 
may be oriented with respect to the gross fiber 
axis. To illustrate these terms, the cellulose mole- 
cules may be compared to a bundle of pencils. The 
pencils in the bundle are oriented if they are 
grouped in a parallel arrangement. They are ori- 
ented and crystalline, if in addition each pencil i fi 


rotated to have the same position with respect to 
its long axis, that is, if each pencil is rotated so 
that the side having the brand is uppermost. 

Alternate terms used to describe cellulose poly- 
erystallinity are regions of high lateral order and 
regions of lower lateral order. This nomenclature 
emphasizes the fact, that cellulose is not sharply 
discontinuous, the transition from one degree of 
order to another being a gradual one. 

Chemical reagents penetrate more easily into 
the amorphous areas than into the (more) crystal- 
line areas. Swelling of the cellulose assists penetra- 
tion. 

Chemical reactions with cellulose are usually 
not expressible in stoichiometric relationships. 
The simplest explanation for this is that they are 
lopochemiral. On this basis they are straightfor- 
ward chemical reactions, but can occur only with 
cellulosic reactive groups which are available in 
the amorphous areas or on the surfaces of the 
crystalline areas. 

The poly crystalline relationships in cellulose 
profoundly affect cellulosic products (for example, 
rayon and cellophane) in such properties as water 
pick-up, flexibility and strength. 

The principal chemical reactions of cellulose 
are (1) alkaline oxidative degradation resulting 
in chain length shortening, (2) acidic oxidative 
degradation with the formation of reducing groups 
and carboxyls (oxycelluloses, hydrocelluloses) 
and (3) derivative formation involving the active 
hydrogen atom on the cellulosic hydroxyls. The 
lopochemiral nature of most of these reactions 
should be emphasized. It may account for the 
failure of the past chemical literature to reduce 
the many soda cellulose, oxyccllulosc and hydro- 
cellulose “compounds” to any stoichiometric 
pattern. 

Cellulose Xitra**"- (Nitrocellulose |lt(ON02)tt]) 
are formed by direct reaction with nitric acid. 
They are used as coating lacquers, military ex- 
plosives (guncotton), sporting ammunition 
(smokeless powder) and nitrate photographic film. 

Carboxymethyeellulosr . |TUOCH 2 COOH)wl is pro- 
duced by the action of chloroacctic acid on soda 
cellulose. It is used as a thickening, suspending 
and stabilizing agent. 

Ethyl Cellulose [UfOCaHOw], is manufactured 
by the reaction of ethyl chloride on soda cellulose. 
It is used as a synthetic gum and thickener. 

Soda Cellulose (alkali cellulose, R(ONa) n ), is 
an intermediate formed by the action of aqueous 
N;iOH on cellulose and used in the manufacture 
of cellulose ethers and viscose. 

Cellulose Xanthate [R(OCSSNa)w], is produced 
by the reaction of CS 2 on soda cellulose. Cellulose 
xanthate is dissolved in aqueous XaOU to form 
viscose and is used in large tonnages in the manu- 
facture of ruyons and cellophane. Continuous- 
filament rayon yarns are used for knitwear and 
woven fabrics. Cut. into short lengths, rayon 
staple fiber is used in rugs and carpets and as blend- 
ing fiber in spun yarns. High strength rayons arc 
used for tire cord. 

Cellulose Acetate [R(OOCH s )nl, is produced by 
the action of acetic anhydride on cellulose. Cellu- 
lose acetate is used for textile yams, for plastic 
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molding, for thin films competitive with cello* 
phane and for acetate photographic film. 

J. P. Holm ti ax 

Cross-references : Carbohydrates, Textile Chemis- 
try , Polymerization , Paper 


CEMENT, PORTLAND 

Portland cement may be defined in many ways. 
To the layman it is something which is used for 
making concrete. The engineer thinks of it as the 
finely pulverized clinker resulting from the partial 
fusion of a carefully proportioned mixture of lime- 
stone and clay. The chemist might refer to it as 
consisting principally of a mixture of certain 
silicates, alumiiuites and ferrites of lime. The 
American Society for Testing Materials defines it 
as “the product obtained by pulverizing clinker 
consisting essentially of hydraulic calcium sili 
cates/' to which the addition of certain materials 
in limited amount is permitted. 

Modern portland cement is made by the partial 
fusion, at temperatures up to 1500°C, of carefully 
designed and pulverized mixtures of calcareous 
material (limestone, chalk, shells, marl, etc.) and 
argillaceous material (clay, shale, blast-furnace 
slag, etc.). Other materials, as sandstone or iron 
ore, are sometimes added. Some constituents of 
these or other raw materials are known to give 
rise to undesirable properties in the ultimate con- 
crete if present in excessive amounts, and so are 
rigidly limited by the Htundurd specifications. 

The rocks are first broken up in giant crushers 
and finally in ball mills to a very fine powder. The 
grinding may be accomplished in the dry state 
(dry process) or water may be added to bring the 
material into the form of a slurry (wet process). 
Sometimes excessive amounts of quartz or mica or 
other minerals are removed from the slurry by a 
flotation process or by passing a purt, of the slurry 
through a centrifuge. Excess water is removed in 
gravity settling tanks or various forms of classifi- 
ers, or it may be reduced by use of a vacuum filter. 

The dry powder or slurry or filter cake is fed 
into one end of a huge slowly rot ating steel -shell 
kiln that may be from 8 to 15 feet in diameter and 
from 100 to 500 feet long. The kiln is set at a slight 
inclination so that the rotation causes the contents 
slow!}' to travel down toward the discharge end. 
Heat is introduced at the lower end of the kiln. 
The kiln is lined with refractory brick, the hottest 
zone near the burning fuel consisting usually of a 
high-alumina or a magnesia base. 

As the raw mixture travels down the kiln, water 
is first expelled, the heat exchange in wet -process 
plants usually being facilitated by chains sus- 
pended at the upper end of the kiln. Further down 
in the kiln the carbon dioxide is discharged from 
the limestone and other carbonates, organic mat- 
ter is burned and volatile constituents are evolved. 
Here also some reactions take place by diffusion 
between constituents in the solid state. As the 
mixture enters the hottest zone at 1450-1500°C, 
some of the material is raised above its melting 
temperature, and up to 30% of liquid may be pro- 
duced, forming pellets to 1 inch in diameter. 


This clinker is dropped out of the kiln into a cooler 
which may consist of a rotating steel drum or an 
air-cooled grate or some other device for rapid 
cooling. 

The cooled clinker is ground in ball mills, usu- 
ally with gypsum to give about 1. 5-2.0% 80s in 
the cement, to a fineness of about 1600*1800 sq. 
cm. per gram. Sometimes small amounts of an ad- 
mixture is added for a special purpose, ns to im- 
prove the grindability or to incorporate air for 
air-entraining cement, which is of improved 
durability, especially in northern climates. The 
resulting pulverized material is the portland 
cement of commerce. In Europe extensive use is 
made of blast-furnace slag and pozzolanic ma- 
terials interground with the clinker in amounts 
varying from 15 to 85%. 

Portland cement clinker has been found to con- 
sist principally of tricalcium silicate (3Ca()-Si0 2 ) 
and beta dicalcium silicate 0-2(Ja()*Si() 2 ) to- 
gether with lesser and variable quantities of tri- 
calcium illuminate (SCaO-AbO*), tctracalcium 
alumino ferrite (4CaO* AhOs’FeaOs) or some solid 
solution of the iron phase, periclase (MgO), free 
linn* (CaO) and trace amounts of many other 
compounds. 

The specifications in use in the United States 
recognize five types of cement, the first three of 
which may or may not be air-entruining: 

Type 1, for use in general concrete construction 
when the special properties specified for types 
II, III, IV and V are not required. 

Type II, for use in general concrete const ruction 
exposed to moderate sulfate action/br where 
moderate heat of hydration is required. 

T>'pe III, for use when high early strength is 
required. 

Type IV, for use when a low heat, of hydration is 
required. 

Type V, for use when high sulfate resistance is 
required. 

The properties of a cement in concrete have been 
found to Vie determined by the relative amounts of 
the several compounds it contains and its fineness. 
Consequently, the special properties indicated by 
the types as aliove defined are obtained by limita- 
tions imposed on certain compounds and on the sur- 
face area. Since tricalciuni silicate reacts with 
water rapidly, and dicalcium silicate slowly, 
higher early strength is attained by increasing the 
former at the expense of the latter, and by finer 
'grinding. And since tricalcium aluminate evolves 
a large amount of heat during its hydration, and 
also reacts rapidly with sulfates in solution, that 
compound is limited in cements requiring low or 
moderate heat of hydration and high<«ulfate re- 
sistivity. 

When cement is tempered with water, reactions 
proceed that result in a stone- hard paste; it is this 
paste that, bonds the sand, gravel or crushed stone 
in the production of concrete. There iH formed 
rapidly a saturat ed solution of calcium hydroxide 
und, more slowly hydrates of the silicates and 
other constituents. The principal bonding agent is 
the calcium silicate hydrate, a colloidal gel that up 
to recent times has eluded all attempts at a pre- 
cise understanding. But attacks by x-ray and 
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electron -optical methods have gone far to resolve 
its structure, which now appears to consist of 
crystalline spherical particles some 50-200 A. in 
diameter. 

The production of portland cement in the United 
States has increased from about 8 million barrels 
in 1900 to over 264 million barrels in 1953. A barrel 
of cement contains 376 lbs. or 4 bags of 94 lbs each. 

R. H. Bogite 


CERAMICS, CLAYS, REFRACTORIES 
CEREAL CHEMISTRY 

Cereal chemistry embodies a great deal more 
than the chemistry of the cereal grains. It starts 
with a study of the growth of the plants which pro- 
duce the seeds, and continues with the production 
and the composition of the seeds, the chemical 
changes on storage, the refining of the grains for 
speciul purposes, the use of these products und 
their byproducts, the nutritional value of the 
whole kernel and its parts, and includes in its 
realm all products pud processes which come in 
contact with the cm eats The work of a large num- 
ber of cereal chemists is involved with the milling 
of wheat and with the use of the flour in t he baking 
industry. To them, cereal chemistry involves the 
chemistry of yeast, milk, soybeans, bleaching, 
minerals, enzymes, etc., as well as of wheat. In 
the brewing industry, cereal chemistry must re- 
late the chemistry of the barley to its ability to 
germinate, and the function of the malt, hops, 
yeast, and other ingredients to the fermentation 
and processing of the final beverage. 

Of the various seeds, the cereal grains are per- 
haps the most important. There are a number of 
kinds of cereals and many varieties of each. It has 
been estimated that as many as 30, (XX) varieties of 
w'hcat exist, and over 12, (XX) have been identified. 
The six most, important cereals are listed in the 
order of their world production in Table 1. 


Table 1. Annual Production of Cereals 
(1952-1953) 



Pounds 

1 Millions of Bushel 

j Billions of Pounds 

Cereal 

1 . . 






Bushel 

U. S. A. 

j World 

U. S. A. 

World 

Wheat 

60 

1,299 

107 

7,295 

78 

137 

Rice 

45 

7,940 

5 

357 

Corn 

56 

3,279 

5,625 

184 

315 

Oats 

32 

1,260 

4,195 

10 

134 

Barley 

48 

226 

2,746 

11 

132 

Rve 

56 

16 

1,600 

1 

90 


The production of the individual cereals is 
rather unevenly distributed. The United States 
produces half the corn and one-third of the oats, 
China one-third of the rice, and Europe one-third 
of the rye. The production of wheat is almost 
universal and it. is the most, important cereal in 
international trade. During the lost 15 years, the 
production of the wheat, rice, and corn has in- 
creased, whereas that of the other cereals has de- 


creased. The term “corn” is frequently misunder- 
stood, as the w T ord itself is a synonym for grain. 
It is applied to the most, common cereal in a given 
locality. Thus in the United States, maize is the 
most common cereul and is called “corn”. In many 
parts of Europe, “corn” refers to rye, and in Scot- 
land to oats. Corn is the most important crop in 
the United States, and more than one-tenth of the 
farm lund is devoted to its culture. Corn and outs 
have relatively little value in the human dietary, 
as over 90% of each goes into the feeding of live- 
stock. Barley finds its chief outlet in the manufac- 
ture of malt. By comparison with the nutritional 
uses, the indust rial utilization of cereals as sources 
of chemicals is rather small. 

hike all forms of living matter, the constituents 
of the cereal grain arc* very numerous and many 
arc very complex. The composition of the kernels 
is dependent upon their genetic make up, the cli- 
mate, and the composition of the soil. For com- 
parative purposes, the gross analyses are given in 
terms of the water, protein, fat, fiber, soluble 
carbohydrate, and mineral. These components 
vary widely for each of the cereal grains, but. by 
compiling a large number of analyses, character- 
istic compositions for the different types of cereals 
are noted. Representative analyses arc given in 
Table 2. 


Table 2. Representative Analyses of the 
Important Cereal Crains, % of Total 


Cereal 

i Water Protein ( Fat 

Min 

eral 

Fiber 

Car 

bohy 

•Irate 

Wheat 

: 10.2 j 13.1 j 1.7 

1.9 

3.0 

70.1 

Rice 

: 12.5 . 0.4 ! 2.1 

5.9 

7.8 

65.3 

Corn 

, 11.0 I 9.0 ! 4.0 

1.8 

1 3.0 

71.2 

Oats 

10.0 12.7 : 5.3 

3.0 

7.0 ! 

62.0 

Barley 

10.8 ; 11.0 ' 2.2 

2.5 

3.8 | 

69.7 

Rye 

10.0 | 12.3 j 1.7 

2.0 

2.3 I 

71.7 


The kernels of grain may be divided into several 
parts. The hull is a protective layer and consists 
largely of fiber. The bran is the outer layers of the 
seed proper and is rich in protein and mineral. The 
endosperm is the largest portion of the seed and it 
is the store house for most of the starch and pro- 
tein. The germ is the vital center of the seed and is 
relatively rich in fat, protein, vitamins, enzymes, 
and minerals. The composition of the various 
pioducts obtained from the cereals is thus depend- 
ent. upon the degree of separation of the com- 
ponent parts. In the milling of wheat, the flour 
obtained has more starch and less protein, fat, 
and mineral than the whole grains. The reverse is 
true of the bran and germ which go largely into 
animal feeds. 

Water. The water of the cereals is prescut in 
two forms. The most abundant is held in multi- 
layers by adsorption on the free amino groups and 
peptide bonds of t he proteins. It is easily displaced 
by heating, and its concentration is dependent 
upon the atmospheric temperature and humidity. 
A small amount of moisture is closely bound to the 
grain and it cannot be evaporated without causing 
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marked alterations. The proper moisture content 
during storage of the seeds is important for the 
preservation of their vitality and usefulness. 

Carbohydrate. Among seeds, the cereal grains 
are characterized by a relatively high carbo- 
hydrate content, divided into crude fiber and 
nitrogen -free extract. The former is that portion 
of the grain which is insoluble in 1.25% concen- 
trations of both boiling sodium hydroxide and 
boiling sulfuric acid. The fiber content is highest 
in the seeds with large hulls, oats and rice (Table 
2), and is composed of pentosans and cellulose. 
The oat hulls have a commercial value for the 
production of furfural by the reaction of sulfuric 
acid on the pentosans. The soluble carbohydrate 
or 1 ‘nitrogen-free extract’* is chiefly starch; it is 
the most abundant component of the seed, 50-70%, 
and is found chiefly in the endosperm. 

Protein. Though the cereals grains usually are 
not considered a source of protein, they furnish 
about one-third of the human dietary protein in 
the United States, and in some countries the per- 
centage is much greater. The cereals contain 
relatively less protein than the legume seeds and 
the protein has a poorer biological value. The con- 
centration of the protein is determined from the 
nitrogen content. Thus the |*er cent nitrogen is 
multiplied by the factor 6.25. A factor 5.7 would be 
better for many of the cereal proteins, and, al- 
though it is sometimes used for wheat flour, the 
factor 6.25 has a much wider usage. The proteins 
are not < venlv distributed throughout the seed. 
This is especially true in corn as portions of the 
endosperm are chiefly starch. 

The cereal proteins are classified by their solu- 
bility properties. Each class may represent one or, 
more probably, many individual proteins. The 
crude water-insoluble protein of the cereals is 
known as gluten, and it includes up to 90% of the 
total protein. It is composed of two types, a 
prolamin which is soluble in 70% alcohol and a 
glut cl in which is soluble in dilute acid or alkali. 
The solubility properties are used in their purifi- 
cation. Among the prolatnins, gliadin is probably 
the same in wheat and rye, but hordein of barley 
and zein of corn have different amino acid com- 
ponents. Rice contains no prolamin, and its chief 
protein is a glutclin known as oryzenin. In wheat 
the glutclin is called gluteuin. The ratio of the 
prolamin to the glutclin may vary for a given 
cereal and these proteins do not have the same 
physical properties when obtained from different 
grains. The gluten of corn does not form a sticky 
mass as does that of wheat, and so cornbrcads are 
granular rather than porous. In wheat the gliadin 
is soft and sticky and is responsible for the bind- 
ing, but the glutenin gives solidity to the gluten. 
Albumins und globulins are present in relatively 
small amounts, usually under 20% of the total 
protein. In general the proteins of oats have the 
highest biological value of any of the cereals, and 
it is possible to obtain a positive nitrogen balance 
with this cereal as the soul source of protein. Addi- 
tional nitrogen-containing compounds include 
nucleic acids and little studied nonprotcin com- 
pounds as choline, betaine, amino acids, and traces 
of many others. 


Fat. The fat of the cerouls is found chiefly In 
the germ, with some in the bran, but very little in 
the endosperm. About 75% of the fatty acid pres- 
ent is of the unsaturated type, which results in an 
oily consistency. The germ oils of wheat and corn 
are available commercially and are used in the 
medicinal and table oil fields, respectively. 
Attempts are being made to increuse the gerin oil 
content of corn through genetics. This would also 
increase the biological value of the total corn pro- 
tein. The acid number of the fat increases during 
storage and may be used as an index of the degree 
of soundness of the grain. 

Minerals. The distribution of the minerals in 
the seeds approximately follows that of the oil. It 
was thought for a time that one of the advantages 
of whole wheat bread as compared to white bread 
was the larger amount of minerals it contained, 
espeeially phosphorus, calcium, and iron. It has 
since been shown that 75-85% of the phosphorus is 
present as phytic acid, the hexaphosphoric ester 
of inositol. The evidence indicates that the cal- 
cium and iron form insoluble salts with phytic 
acid so that these minerals cannot be utilized 
unless the complex is first hydrolyzed by phytase. 
Potassium, magnesium, and sulfur also form rela- 
tively large portions of the ash and many minerals 
are found in traces. The hulls of oats and rice are 
very high in silica, which accounts for t he high ash 
content of these cereals (Table 2). 

Enx> tiles. The cereal grains result as matura- 
tion of one generation of plant life. They are not 
inert.. Their vitality may be expressed best in 
terms of the enzymes present. When catted upon 
by favorable conditions, they initiate the changes 
which result in a new plant. Amylases, proteases, 
esterases, and oxidizing enzymes all play a role in 
supplying the new plant with food. The enzymic 
concentrations increase with the germination of 
the seed. Of the enzymes, the amylases, or dia- 
stase is of commercial importance. The brewing 
industry depends upon this group of enzymes in 
malt to produce maltose from starch so that, the 
enzymes of yeast may produce alcohol. A certain 
amount of diastase should be present in flour for 
optimum baking qualities. Flour from intact 
grains will differ considerably in diastase content. 
The desired level is obtained by blending flours of 
different diastatic values or by the addition of 
small amounts of germinated wheut or barley. A 
small amount of sugar is normally present in the 
flour, and the diastase slowly liberates additional 
amounts for the yeast to ferment to produce the 
necessary carbon dioxide. 

Vitamins. Vitamin A, which is found in plants 
as carotene, is not abundant in cereals. With the 
exception of yellow corn, the carotenoids of the 
seeds are not precursors of vitamin A so that the 
bleaching of flour can not be objected; to on the 
grounds that tnis vitamin is destroyed. Vitamin D 
is not found in cereals and because of the adverse 
effect of phytic ucid on the mineral metabolism, it 
is essential that adequate quantities of this vita- 
min be obtained from other sources. Vitamin E in 
the form of tocopherols is found chiefly in the 
germ, and is available from wheat germ. Vitamin 
C is not present in normal sound kernels, but it is 
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formed in relatively large amounts when the seeds 
germinate. The various B vitamins are the most 
important in the cereals. Large portions are re- 
moved in the extraction of flour and in the prep- 
aration of polished rice. Flour is now fortified with 
some of the vitamins lost in milling. The vitamins 
of rice may be partly transferred to the endosperm 
by cooking the cereal before processing it. 

Alrkrt A. Dietz 
Cross-references : Proteins , Carbohydrates, Foods , 
Nutrition , Enzymes , Brewing , Vitamins . Fats, En 
zymeif 


CEREAL INSTITUTE 

The Cereal Institute was organized in 1943 to 
promote the food value of breakfast cereals. This 
was to be done in a sound and conservative yet 
scientifically accurate manner and in cooperation 
with the National Nutrition Program. During the 
past, years the Cereal Institute's program lias been 
reviewed by leading government, educational, 
medical, and nutrition authorities and has re- 
ceived their approval and recognition. 

The Cereal lnstityte conducts a continuous pro- 
gram of scientific' research to study the harmful 
effects from the omission of breakfast and the 
beneficial effects derived from good breakfast 
habits. To date twenty scientific papers have 
been published on these studies in leading pro- 
fessional journals. 

Each year studies are made of the food and 
breakfast eating habits of the public. These have 
disclosed that only one out of five children goes to 
school with a good breakfast ; also well over half of 
the teen-agers and the adult population of the 
nation are not eating an adequate breakfast. With 
this as the background for the need of an educa- 
tional program, the Cereal Institute offers to 
teachers and students in the schools u complete 
program of educational materials to improve 
breakfast eating habits. As a service to the con- 
sumer a home economics food editorial service is 
conducted conveying the findings of this research 
to the food editors and writers of America. 

(). M. Anderson 


CESIUM 

Cesium, symbol Cs, is a soft, ductile, silvery- 
white alkali metal belonging in Croup I B of the 
PeViodic Table. Its atomic number is 55 and its 
atomic weight 132.91. The low melting point of 
28.5°C makes cesium one of the three metals 
(with mercury and gallium) liquid at room tem- 
perature. This rare element, was discovered by 
Bunsen and Kirchhoff in 1800 with the spectro- 
scope. It ranks 40th in order of prevalence in the 
earth's crust. 

Pollucite, an uncommon cesium aluminum sili- 
cate mineral found in pegmatites, is the chief 
source of cesium, ulthough it is found as traces in 
certain salt and potash deposits. The ore is treated 
with acid, the silica dehydrated, and the cesium 
precipitated as a double chloride of lead (2CsCl • 
PbCL) or antimony (3CsCL2SbCL) by lead ni- 
trate or antimony chloride, respectively. Cesium 


chloride can be recovered from these compounds 
by hydrolysis which leaves CsCl in solution. The 
metal is formed from CsCl, m.p. 646°C, by re- 
duction with calcium or by electrolysis. 

Domestic production of cesium and its salts is 
only a few pounds per year. The price of the 
metal is $4 per gram, and that of salts correspond- 
ingly high, i.e., $2 per gram for CsCl and CsBr 
and $3.50 per gram for Cs 2 S0 4 . 

The physical properties of cesium include: melt- 
ing point, 28.5°C; boiling point, 705°C; density, 
1 .873 g/cc (20°C ) ; specific heat, 0.06 cal/g (28.5°C) ; 
thermal conductivity, 0.05 to 0.065 cal/sec/cm 2 / 
°C/cm (2S.5°C); latent heat of fusion, 3.766 cal/g; 
latent heat of vaporization, 146 cal/g; electrical 
resistance, 36.6 microhrn-cm (30°C); viscosity, 
0.609 X 10 * poises (28.5°C); vapor pressure, 1 mm 
Hg at 27S°C, 10 at. 387°C, 100 at 515°C, and 400 at 
635°C; and thermal neutron absorption cross sec- 
tion, 26 barnes. Cesium is the most electropositive 
of the metals. 

Chemically, the properties of cesium closely re- 
semble those of potassium, differing in no out- 
standing respect. The hydroxide, CsOH, m.p. 
272.3°C, is the strongest base knoivn and must be 
stored in silver or platinum out of contact with 
air because, of its reactivity with gluss and CO* . 
Soluble cesium compounds include Cs 2 S0 4 , 
CsNO.i , CsCOi , CsOH, Cs-S, and the halides, 
while CsCI() 4 , Cs 2 PtCl« , CsMn() 4 , and Cs.SiWi*- 
0 42 are relatively insoluble. The metal reacts 
vigorously with oxygen and water and must be 
protected from them. 

Of limited industrial importance, cesium is used 
in scintillation counters, in photoelectric cells 
and infrared detecting instruments such as the 
“sniperscope," and as a “getter" in low-voltage 
vacuum tubes, hi this last application the metal is 
usually produced in place by inserting a capsule 
charge of a salt plus a reducing agent, e.g. CsCl 
and Oa, into the tube and then heating the capsule 
with a high frequency source. Some cesium salts 
are used in the manufacture of mineral waters. Its 
use as a coolant in atomic energy applications is 
not promsing because of its high thermal neutron 
absorption cross section, its scarcity, and its high 
cost, as compared with sodium or sodium potas- 
sium (XaK) alloys. 

Clifford A. Hampel 


CCTANE NUMBER 

Cetane number serves as a means of comparing 
the ignition quality of diesel fuels. With all dicsci 
fuels, a time lag occurs between injection of fuel 
into the cylinder ami its initial combustion. Too 
long an ignition delay results in an excessively 
rapid pressure rise when combustion does occur 
and causes rough engine operation. Cetane num- 
bers measure relative ignition delay (a high cetane 
number indicating a short ignition delay), thereby 
providing a basis for comparing the "smooth- 
running" characteristics of diesel fuels. Fuels of 
higher cetane number also permit cold starting at 
lower temperatures. 

The cetane-number scale is based on blends of 
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two reference hydrocarbons — cetane (normal liexa- 
dccane), given a value of 100, and alpha-methyl- 
naphthalene , assigned a value of zero. Fuels are 
rated by comparison with reference blends of these 
hydrocarbons under standardized test procedures 
(ASTM D-613) in a single-cylinder, variable- 
compression ratio, CFR (Cooperative Fuel Re- 
search) engine. The cetane number of a fuel is the 
percentage by volume of cetane in the reference 
blend that requires the same compression ratio as 
the fuel being tested for an ignition delay of 13 
degrees crank angle. Calibrated secondary refer- 
ence fuels are usually used for routine ratings. 

The cetane number of diesel fuels is primarily 
dependent on their hydrocarbon composition, 
being high for fuels of low octane number and vice 
versa. For comparable distillate fuels, cetane 
number is closely related to API Gravity and fuel 
volatility, increasing with higher API Gravity 
and decreasing with higher volatility. 

Ignition quality as expressed by cetane numbers 
can be improved by the use of additives, such as 
amyl nitrate. Although the specific effectiveness 
of amyl nitrate varies with fuel composition, a 
five cetane-number increase can be secured, on the 
average, by the addit ion of 0.13 per cent by volume 
of amyl nitrate. 

Ignition-quality requirements are a function of 
engine design and operating conditions, and are 
primarily established for a speeilie engine by the 
need for good fuel ignition quality at light loads 
and low temperatures. Most modern high-speed 
diesel engines require fuels in the rather narrow- 
range of 40 to 55 cetane number. 

Wheller G. Lovell 

Cross-references: Octane Number , Petroleum 


CHARDONNET, LOUIS MARIE HILAIRE BERNIGAUD, COUNT 

OF (1839 1924) 

Count Chardonnet was born in 1830 at Bcsancon, 
France. He studied chemistry at the Technical 
Institute at Besancon and at the Ecole Polytech- 
nique. At the latter school he worked for some time 
with Pasteur, who was then investigating the silk- 
worm disease that plagued the French silk indus- 
try. Chardonnet was interested also in the new 
technique of photography, and being a man of 
wealth, settled at his estate to devote himself to 
these interests. 

In 1855, Audemars has been granted a patent to 
produce artificial silk from cellulose nitrate. But 
Audemars drew his threads by dipping needles 
into the viscous solution. Subsequently, Swan 
made fibers from collodion by extruding them 
through a fine orifice. He used these fibers for lump 
filaments. Chardonnet, who had also boon working 
on this problem, produced nitrocellulose threads 
in 1878. He envisaged its enormous possibilities as 
an artificial silk and obtained a patent for the pro- 
duction of “Chardonnet silk” in 1884. His fabric 
created a sensation at the Paris Exhibition of 
1889, In 1891 he started the first commercial plant 
to produce “Chardonnet silk” and production 
expanded rapidly into Belgium, Switzerland, 


England and other countries. French insurance 
companies forced Chardonnet to improve his 
products, after it was found that his yarn was 
extremely fiamnmble. In 1911 Chardonnet. was 
awarded the Perkin Medal. His pioneering efforts 
in the establishment of the artificial fiber industry 
rightly earned him the title of “father of the rayon 
industry”. 

Bernard .Jaffe 


CHELATION 


Chelation is the formation of a heterocyclic ring 
containing a metal ion, the metal being attached 
by coordinate links to two or more nonmetal atoms 
in the same molecule. The parent word “chelate” 
which is properly used as an adjective (e.g. chelate 
ring) and colloquially, us a verb and as a noun, is 
derived from a Greek word meaning “crab's 
claw r ”, which refers to the tenacity with w'hich the 
coordinating group holds the metal ion. The word 
was coined by G. T. Morgan and H. 1). K. Drew. 
The terms “chelate” and “chelation” have been 
extended to refer to rings formed by hydrogen 
bonding, as in sal icyl aldehyde and acetic acid, 




but this is not entirely justified, us the hydrogen 
atom does not form coordinate bonds with the two 
nxygbn atoms simultaneously. 

The importance of ring formation in metal co 
ordination compounds was first established by 
Ley through a study of the copper (II) derivative 
of glycine. This compound is quite different from 
copper (II) acetate in that it. is deep blue in color, 
and its solutions show little conductivity. These 
properties would seem to rule out the structure 
Cu(OOCCHsXHs)s , and the structure Cu- 
(NHCHjCOOIDs is ruled out by the fact that X, 
X-dimethylglycine gives a similar product. Ley 
therefore considered the structure to l»e correctly 
shown by the formula 



The most important property of chelation is 
found in the fact that it brings about it great in- 
crease in the stability of the bond between the 
metal atom and the coordinating group that forms 
the chelate ring. Monoamines are much poorer co- 
ordinators than ammonia, but complexes of the 
bidentatc (literally, “two toothed” or “two 
clawed”) ethylenediamine are many times more 
stable than those of ammonia, as Hhown below, 
where the logarithms of the stability constants of 
some ammonia complexes and ethylenediamine 
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complexes are collected : 

Metal Ion Log. Stability Constant 

Ammonia Complex Ethy c 0 ^™ ne 


Co + * 

5.3 

10.7 

Ni + * 

7.8 

14.1 

Cu 11 

12.6 

20.1 

Zn" 

9.1 

11.1 


Similarly, complexes in which both ammonia and 
acetate groups ar( . coordinated to the same metal 
ion are very much less stable than those containing 
the aminoacetate (glycinate) group. 

This increase in bond st rength is largely an en- 
tropy eiTect, and is shown primarily by the co- 
ordinate bonds between the metal and the donor 
atoms in the chelate ring, other bonds in the com- 
plex being affected only indirectly. Thus, the 
cobalt-ammonia bonds in the partially chelated 
P /NIIr-CHA T +t 

complex I Co I ) (NIL)* are vorv 

I \NH 2 CII 2 / 2 J 


little ditTcrerit than those in the nonchelutcd 
[Co (N 1 1 ») . II if the chelate ring has 

unusual stcric properties, it may distort the entire 
complex and change the thermal stability or the 
chemical reactivity of all of the bonds. 

Stability of the chelate ring is attained only 
when the ring size and other steric factors are 
right. It has been shown in many ways that with 
chelating agents containing only single bonds, 
the greatest stability is achieved when the ring 
consists of five members. For example, the com- 
plex formed between platinum (IV) chloride and 
<*,0,7 t riaminopropane might have either struc- 
ture A or structure 13: 


nh 2 — ch 2 

CI 4 Pt 

CH* 

nh*— in, 

A 8 

The fact that this complex is optically active 
indicates that the five-mombered ring of structure 
A has been formed, the carbon atom marked with 
an asterisk thus becoming asymmetric. 

The«-amino acids form much more stable com- 
plexes than do the 0-amino acids; the correspond- 
ing >, fi, and t acids apparently do not form chelate 
rings at. all. The a and 0 amino acids can be dis- 
tinguished by the fact that the former react with 
cobalt (III) hydroxide to form deep-colored 
chelate complexes, while the latter do not. Ethyl - 
enediuminc forms stable five-membered rings 
with many metals; trimethylenedinmine [Nils 
(CIWaNIIa] forms much less stable six-mem- 
bered rings, and the higher homologs [NHatCIl*)*- 
NIIsJ show almost no ability to coordinate. If 
two or three double bonds are introduced into the 
chelate ring, maximum stability seems to be 
shown when the ring consists of six members. 


NHz - CH 2 
CI 4 Pt NH 2 — CH 
— CH,j 


Four-membcred rings are also known, and are 
illustrated by the familiar carbonato tetram- 
mine cobalt (III) complex [Co(NH a ) 4 COji] + . Rings 
of seven, eight, and more members have been 
described, but most reports of such complexes 
are not adequately supported by proofs of struc- 
ture. As the distance between donor atoms in 
the coordinating group increases, the tendency 
to ring formation decreases, and a tendency to 
form linear polymers becomes evident . 

Complexing agents containing three or four or 
more donor utoms, all of which can coordinate 
simultaneously, are referred to as tridentate, 
tetradentate, or polydent ate coordinators. When 
such complcxers form fused chelate rings, the 
stability of the metal -ligand bonds is increased 
far beyond that achieved by simple chelate forma- 
tion. This is called the “chelate effect” and is 
illustrated by the increasing stabilities of the 
complexes of cthylencdiamine (one ring), diethyl - 
cnctriamine (two rings), and triethylenetetram- 
mine (three rings), which is the more remarkable 
when it is recalled that secondary amines generally 
form much less stable coordinate bonds with 
metals than do primary amines. 


Influence of Number of Rings on 
Stability ok Zinc- Complexes 


('nordinatiiiK | 
A Kent 

1 >oimr 
Atoms 

Num- > Lng Stability i 
her of Constants 

Fused ! 

Rin * s i ki k 2 i k, . k, ! 

: ’ ! 

r { dissocia- 
tion of 0.001 
.1/ solution 

Xlli 

1 

■ ! ! ! 
2.4 2.4 2.5 2.2. 

7.7 

NHsTIUCIUNIh 

2 

1 5.11 5.2 

1.2 

NIKCIIjOIIiNII?)- 

3 

2 tt.O i • 


NtrilsCHtNIl-h ; 

4 

3 I1.8 1 : 

1.4 X 10 4 


The chelate effect is strikingly illustrated by the 
complexes of tl»e sexidentate cthylencdiamine 
tetraacetate ion, 

oocctia r ii* coo” 

NCII-CH.N 

\ 

OOCCII, CH..COO 

which can coordinate through both nitrogen utoms 
and all four carboxyl groups, forming live fused 
rings. In some cases it utilizes only two or three 
of the carboxyl groups, but even so, it is a power- 
ful coordinator, and has found wide use as a se- 
questering agent. 

The charge wiiich a complex bears is the sum of 
the charges on the coordinating groups and the 
metal ion from which it was generated. It may be 
cither positive or negative, or it may be zero. The 
zero charge is usually achieved by the combina- 
tion of a bidentate ligand bearing a single negative 
charge with a metal ion for which the coordination 
number is twice the oxidation number. Fully 
chelated complexes of this sort comprise a special 
class of compounds known as “inner complexes”. 
Such compounds show greatly enhanced stability. 
Some of them are volatile, and most of them are 
insoluble in water, but easily soluble in nonpolar 
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solvents. They behave like organic substances. 
Nonchela ted complexes of zero charge, such ns 
trinitro-triainniinc cobalt (III) usually do not 
show these properties and are not considered to 
be inner complexes. The stability of the inner 
complex compounds is illustrated by iris-glycine 
cobalt (III), which can be recrystallized from hot, 
50% sulfuric acid, and by bis-acetylacctone beryl- 
lium (II), which distills without decomposition 
at 270°C. 



Many of the organic precipitants used in analyti- 
cal chemistry are applicable because they form 
inner complexes; among these are 8- hydroxy 
quinoline, dimcthylglyoxime, and nitroso-0- 
naphthol. In some cases, the metal in the resulting 
precipitates is determined by drying and weighing 
while in other cases the complex is extracted into 
an organic solvent and the metal is determined 
spec t rophot omet ri cal Iv . 

The fulfilment of the rules which lead to the 
stability of chelate rings is well illustrated by the 
amazing! \ stable copper phthalocyanine, which is 
not decomposed even at 500°C. in the phthalocya- 
nine molecule we have an inner complex contain- 
ing four resonating six-membered fused rings: 



Cross-references : Heterocyclic Compounds , Asym- 
metry , Sequestering Agents 


CHEMICAL DATING 

The principal chemical methods of dating 
geological formations and artifacts are based on 


the measurement of the end products of radio- 
chemical changes or on the degree of residual 
activity of a radioactive substance; they yield 
absolute dates and are capable of rather wide 
application. 

The oldest and most thoroughly investigated of 
the chemical methods is the estimation of the 
age of uranium minerals from a measurement of 
the amount of helium or lead they contain. Though 
a great deal of attention has been given to age 
determination from the measurement of helium 
content, it is now generally recognized that be- 
cause of the tendency of this gas to escape, the 
helium method is always likely to yield results 
that arc considerably in error, lienee the measure- 
ment of the amount of lead produced by radio- 
chemical decomposition is the preferred method. 
If a pure uranium mineral has not been altered by 
leaching or weathering, the ratio of the percentage 
of lead it now contains to the percentage of ura- 
nium is an index of its age, which may be calcu- 
lated from this ratio and the known disintegration 
rate of uranium. Likewise for a pure unaltered 
thorium mineral. If a mineral contains both ura- 
nium and thorium, the ratio of the percentage of 
lead to the percentages of uranium and thorium 
is still an index of its age, though now the calcu- 
lation must take into account the different disin- 
tegration rates of uranium and thorium. A further 
complication and a possible source of serious 
error, arises if the mineral originally contained 
ordinary lead as an impurity. Fortunately, the 
presence of such lead may be detected by isotopic 
analysis with the mass spectrograph since-ordinary 
lead contains the isotope Pb” 4 which is not a prod- 
uct of the radiochemical decomposition of either 
uranium or thorium, and a correction may be 
applied to the total percentage of lead in the 
mineral or to the percentages of the other isotopes 
of lead that are present . Instead of depending oil 
the ratio of the percentage of total radiogenic lead 
to the percentage of uranium, thorium, or both, 
it is generally more accurate and more advanta- 
geous to depend on the ratio of the percentage of 
one or more of the individual lead isotopes to the 
percentage of the parent element or elements. How- 
ever, because of the experimental difficulties of 
this method of analysis, most age determinations 
up to now have been based on the results of ordi- 
nary gravimetric analysis. 

Although it is theoretically possible to measure 
the age of minerals containing a few naturally 
radioactive metals other than uranium or thorium, 
the only such measurement that has been applied 
practically as yet is based on the radioactivity of 
rubidium. Nutural rubidium contains the isotope 
lib 87 which emits a beta particle to yield the 
strontium isotope Hr 87 . The percentage pf Rb 87 in 
a mineral is determined by multiplying the per- 
centage of rubidium found on analysis by the fac- 
tor 0.27. The ratio of the percentage of strontium 
found on analysis to the percentage of Rb 87 is the 
index of age, which may be calculated in the usual 
way from the known half-life of Rb* 7 . 

For the determination of the time of occurrence 
of very recent geological events, for dating pre- 
historic human events, and for determining the 
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age of certain kinds of artifacts, the radiocarbon 
(C 14 ) method of Libby is the most generally useful 
chemical method available. 

A fundamental assumption of the method is that 
the amount of cosmic ray activity, the composi- 
tion of the atmosphere, and other conditions under 
which C 14 is formed have remained constant for 
the entire period of time over which this method is 
applicable; in other words that the proportion of 
C 14 in the carbon of living tissues lias remained 
the same over this whole period. 

The careful selection and preparation of the 
sample is an essential step for reliable dating by 
the radiocarbon method. Organic matter of more 
recent origin than the sample, such as plant re- 
mains or soil containing humus, must be removed, 
and care must be taken to remove all mineral 
matter containing carbon. In general, the sample 
must be cleaned physically to remove foreign mat- 
ter, and as an additional precaution soaked for 
several hours in normal hydrochloric acid. After 
treatment with the acid, it is throughly washed 
with water and dried completely in an oven. Suf 
lieient purified sample must be prepared to yield 
at least ten grams of elementary carbon. 

The prepared is completely burnt to 

carbon dioxide in a suitable train, or if it consists 
of shell, is treated with hydrochloric acid of suf- 
ficient concentration to yield carbon dioxide. For 
combustion, oxygen is passed over the heated 
sample and the combustion products are passed 
over hot copper oxide to complete the combustion. 
In either case the resulting gas is passed through a 
dry -ice trap and a Dricrite tube to remove water 
and is collected by condensation in a nitrogen- 
cooled trap. Since the product thus collected is 
usually contaminated with other condensed gases 
such as oxides of nitrogen and radon in traces, it 
must be purified. This is done by warming the 
condensate, passing the gas mixture into am- 
monium hydroxide solution, and adding a solution 
of calcium chloride to yield a precipitate of cal- 
cium carbonate. After washing throughly with 
distilled water, this should contain all the carbon 
of the sample in the form of pure calcium carbon- 
ate. This pure product is then treated with hydro- 
chloric acid, using the same train as in the 
combustion procedure, and the evolved pure car- 
bon dioxide is dried as before and collected as a 
• gas in storage bulbs. 

The next- step is the reduction of the carbon di- 
oxide to carbon. This is done in an iron combustion 
tube containing magnesium turnings mixed with 
about one per cent of cadmium turnings as a cata- 
lyst.. The gas is passed at a moderate rate into the 
tube containing the hot. metals until all the carbon 
dioxide has reacted. After cooling, the mixture of 
carbon, magnesium oxide, and unreacted metal is 
removed from the tube and pluccd in a large 
beaker. This mixture is then treated first with 
water and then with concentrated hydrochloric 
acid to dissolve everything but the carbon. The 
resulting solution is separated from the carbon by 
the use of a glass filter stick, and the carbon is 
repeatedly washed with hot distilled water by 
decantation, and dried. The carbon is then again 


treated with hydrochloric acid, and filtered, 
washed, and dried as before. 

The final step is grinding in un agate mortar to a 
uniform powder. The sample is then placed in a 
small bottle with a light cap until the measure- 
ment of its activity can be made. In spite of the 
double acid treatment, the sample always contains 
some magnesium oxide. The percentage of this 
must be determined in a small part of the sample 
by combustion so that a correction may be made 
for this inactive material when the activity of the 
sample is measured and calculated. 

In general, the error of age determination by the 
radiocarbon method is 5-10 per cent in the range 
where reasonable accuracy may be expected. This 
degree of error is not serious in dating geological 
or prehistoric materials or events, but is usually 
loo large to give useful results for periods within 
the limits of human history. (See Archaeological 
Chemistry) 

Karle R. Caligy 
Cross -references: RwHmcUvity , Chromium, Lead 


CHEMICAL ECONOMICS 

The chemical manufacturing industry has shown 
an unprecedented growth rate during the last two 
decades, and synthetic organic chemistry has 
grown four times as fast as the average of all 
American industry. Investment in chemical manu- 
facturing facilities is approximately $25,000 per 
worker in chemical manufacture and approxi- 
mately S100,000 in the petroleum and coal products 
industries. While population growth in the period 
of 1930-50 averaged only ;*| 0 of 1% per year, the 
average growth rate of chemical industry over this 
period was 10% per year. In the period of 1939-52 
the output of chemical process industries increased 
in sales volume fiow $10 billions to $50 billions; in 
1952 the capital expenditures for chemical and 
allied products reached a peak of $1 .5 billion. From 
1950 1955 the chemical industry spent over a 
billion dollars a year on expansion. 

Investment in research in the l : . S. in 1930 was 
about S1G5 million. In 1940 the total research 
expenditures had risen to approximately $350 
million, about *•» of 1% of the national income. In 
1945 approximately Sl.l billion was expended for 
research in the United States, with about half of 
this expenditure spent for military objectives. 
Research expenditure* in ehemieal industry in- 
creased nearly tenfold in 1950. During Korean 
hostilities, between $1.7 and 2.3 billion was spent 
annually, or approximately % of 1% of the na- 
tional income. This total research expenditure was 
distributed approximately 42% to nonmilitary 
research, principally industrial, and 58% to mili- 
tary research and development. Before World 
War II, expenditures for applied research were 
approximately G times those of basic research. 
Since then, the recognition of need for a greater 
availability of fundamental knowledge has initi- 
ated renewed interest in the broadening of basic 
areas of research and the restoring of a more effec- 
tive balance between research devoted to immedi- 
ate objectives and those of basic knowledge. 
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European countries have approached a more 
nearly equivalent distribution between these two 
research phases; (Jreut Britain, for example, main- 
tained a ratio of applied to Imsic research esti- 
mated at 1.2 to 1 before World War II. Applica- 
tions research, which proved so profitable to 
industry and so important in the production of 
war materiel in the United States, rested to a con- 
siderable degree upon the fundamental research 
knowledge developed in other countries before 
the war. 

The production of stool in the United States and 
the stability of this economically has frequently 
been considered a barometer of the economic 
health of the chemical industry. Steel production, 
on the other hand, has always fluctuated more! 
widely than the general economy as a whole, a ml 
the earnings of the steel indust ry have been very 
erratic. Before 11)41 the capacity of the steel 
industry exceeded by several times the average 
production. During the period 1941-19*14, capacity 
and production W'ere almost completely in balance 
W’ith production of 80-85 million Ions of steel; 
1944-46 production capacity again exceeded pro- 
duction, and this situation occurred to a lesser 
degree during 1948. Since 1949, production and 
capacity of the steel industry have been growing at 
a nearly balanced rate to a quantity of slightly 
more than 110 million tons per year. 

No single segment of the organic chemical in- 
dustry has shown such phenomenal rate of growth 
during th^ past 25 years as the plastics industry. 
Plastics liuve increased in consumption by more 
than 95% in this period. In 1934 the total produc- 
tion of all synthetic resins combined was less 
than 100,000 pounds; in 1954 it was over 3 billion 
pounds. All the major generic families of com- 
mercial resins shared in this growth with the ex- 
ception of the cellulose resins, which huvfe held 
fairly consistent in demand during 1946-1954 in 
the range of 60,000 to 100,000 lbs. Vinyl resin 
(excluding polystyrene) production, including the 
plasticizers, modifiers, nnd filler materials, have 
exhibited the sharpest growth curve, changing in 
magnitude from less than 10,000 lbs in 1940 to 
about 460 million lbs in 1953. In addition 463 
million lbs of styrene resins were manufactured 
and sold, of w'hich about 65% were used for the 
molding materials; the balance w T as used for pro- 
tective coatings and other uses. 

A vigorous research and development program 
directed toward the understanding of the funda- 
mental nature and properties of polymeric ma- 
terials, as well as the development of new uses and 
application, has been the keynote of the industry. 
Industrial interest in polymers has originated 
from the ready availability of raw materials, many 
of which were formerly wasted by products from 
other chemical operations. The attractive appear- 
ance of articles, resistance to corrosion, the large 
availability of raw* materials within the United 
States, the ability to maintain molded shape or 
size under stresses and extreme temperatures, 
resistance to weathering, rot, deterioration and 
fungus attack, fresh and salt water, acids, chemi- 
cals and salt have all contributed to acceptance. 

There is a constant rise in the consumption of 


light, strong metals competitive with steel, for 
example, aluminum, which in 25 years has shown 
an increase in consumption from about 100, 000 
tons in 1929 to about. 1.5 million tons in 1953. 
Magnesium has increased in production from 9,000 
tons a year in 1941 to over 1(M), 000 in 1952. As it can 
l>e economically extracted from sea water its 
supply is abundant. Some new metals possess 
special and unusual properties which make them 
attractive, in relatively small quantities, when 
added to steel. The need for a ductile material 
with a high melting point resulted in a use of 
molybdenum for jet engines. The most spectacular 
new metal is titanium. It is only about. 6 years old 
as a commercially available pure metal, and, be- 
ginning near the zero point in availability in 1948, 
titanium production has increased to about 7, (MX) 
tons in 1954. Planned capacity now' contracted for 
equals about 16,000 ions annually, and the (lov- 
ernment has set a goal of 35,000 tons for 1957. The 
grow'th of titanium has been a forced and costly 
one, and has largely been subsidized by the (Jov- 
ermnent as a vital defense need. Pure titanium has 
averaged about $200 per pound until quite re- 
cently; although still very hard to obtain, it is 
currently selling at about $100 per pound. Sponge 
titanium is more readily available at about $5 
per pound. 

At the present time another new and extremely 
interesting metal lias been developed zirconium. 
It possesses excellent corrosion resistance and a 
very low neutron absorption which makes this 
metal of particular interest, when considering its 
light weight as well, as un ideal struct ucul metal 
for nuclear reactors. It is currently selling at 
about $10 per pound. It is still a precious metal, 
but the typical pattern of the industry is evident 
when one becomes aware that the cost of zirconium 
in 1948 was $70 per pound. 

Strategic Materials. Soaring demands, shrink- 
ing resources, and increasing pressure of rising 
real costs resulting from accelerated demand and 
war-time shortages have caused serious concern 
on the part of the government regarding the con- 
tinued availability of basic strategic materials. 
The consumption of almost all materials is ex- 
panding rapidly and is pressing to an ever-increas- 
ing degree ugainst available resources. The ac- 
companying chart show's the rate of production 
and the rate of importation of our basic metal ores. 

It cun be noted here that no tin is produced in 
tiie United States and comparatively little nickel, 
manganese, or cobalt. The United States has had 
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to seek farther afield, in Labrador, to obtain 
substantial new deposits of iron ore; this is accom- 
panied by constant improvement of methods for 
economically extracting the metal content of 
lower grade ores such as t aconite. Handling of 
0.6-0.7% copper ores was not considered in 1929; 
now such low content ores arc in common use. In 
many cases these explorations and developments 
have been carried on by United States capital. An 
expanding chemical economy constitutes a prob- 
lem for future generations as far as the consump- 
tion of strategic materials is concerned. 

Types of Chemical Industry. The manu- 
facturing chemical industry may be divided into 
two general classifications. The first comprises 
large-scale manufacture of tonnage quantity 
chemicals, where unit costs of labor and raw ma- 
terials are low, but unit profit margins and con- 
tinued profitability of the enterprise relies upon 
uninterrupted production in high -efficiency plants 
by continuous processes , and where transportation 
and distribution costs art? low. 

The second classification includes the “fine 
chemicals' * and specialty items; these are manu- 
factured normally in batch processes , with exacting 
quality specification^ and control, at high unit 
costs of labor and materials. The limited market 
for these necessitates constant research expendi- 
tures to develop new uses. Chemicals in this 
cal (‘gory generally bear a high unit selling cost if 
they have a favorable competitive position and a 
strong patent structure. Costs of transportation 
and distribution, though high per unit quantity, 
are generally a lower percentage of the sales price 
per pound. The fluctuating stability of markets for 
these special chemicals is a constant threat to con- 
tinued production, since research constantly under 
way in competing companies seeks to produce sub- 
stitute and competitive products. If these are 
immune from the basic patent structure, made of 
cheaper raw materials, or show improved use in 
major industrial applications, they may com- 
pletely replace the earlier product.. Maximum 
flexibility in manufacturing plants for fine or 
specialty chemicals is necessary for economic 
health. The ability to adapt these plants promptly 
with a minimum of change to other products in 
demand in the fluctuating market must be incor- 
porated into the basic design and layout of the 
. plant. 

The production of quantity or bulk chemicals 
requires large plants in order to maintain a strong 
competitive position, continuing markets, an un- 
interrupted flow of raw materials and well -devel- 
oped distribution facilities. The large eapital in- 
vestment required for these continuous plants 
requires expanding new sources of external capital. 
The chemical industry traditionally has used 
internal funds to finance new plants; high post- 
war tax rates, particularly during the period of 
excess profits taxes, has sharply reduced the 
capital available from retained earnings. Prob- 
lems of plant location in these large plants are 
particularly critical for efficient and profitable 
operation. Tho availability of adequate trans- 
portation facilities, sufficiently large areas for 
plant construction, substantial cooling water, and 


adequate waste disposal facilities are among the 
essential factors. 

(>KOR(aE W. Blum 


CHEMICAL ENGINEERING 

Chemical engineering is that, branch of ongineer- 
ing which is concerned with the production of bulk 
materials from a few* basic raw materials. The 
chemist works out. the details of a given reaction 
in the laboratory, and the chemical engineer trans- 
lates his work into large scale plant operation. 
Typical examples of these bulk materials are in- 
dustrial chemicals, gasoline, lubricating oils, rub- 
ber, soap, sugar, cement, metallurgical products, 
resins and plastics, synthetic fibers, and glass, to 
mention only a few'. The producers of these mate- 
rials arc the chemical process industries, which 
now comprise the largest segment of all manufac- 
turing enterprise in the United States. (See In- 
dustrial Chemistry) . 

(•hemic ul engineering emerged as a separate 
branch of engineering when it was recognized that 
the chemical process industries employed a certain 
few basic operations in the manufacture of all 
their numerous products. These basic operations 
are called unit operations , and all chemical proces- 
sing involves serial coinbi nations of these unit 
operations together with some kind of chemical 
reactor. An understanding of these operations 
permits an intelligent attack on the technical 
problems relating to the production and refine- 
ment of any chemical product. 

Unit Operations. The unit operations of 
chemical engineering are the basic physical opera- 
tions common to all chemical processing. Among 
the more important are: fluid flow*, heat transfer, 
filtration, evaporation, drying, distillation, mix- 
ing, gas absorption, solvent extraction, and ad- 
sorption. Fluid flow, heat transfer, and mixing 
are important in almost all chemical processing 
and are necessarily involved in the other unit 
operations, which are concerned primarily with 
separating constituents of mixtures. Fluid flow 
relates to the transport and metering of fluids; 
heat transfer relates to the transport of thermal 
energy between systems at different temperatures. 
Filtration is the operation of removing solids from 
a liquid by retention on a porous medium. In 
evaporation, solids are separated from liquids by 
boiling off the liquid. Drying is very similar, ex- 
cept that the proportion of liquid relative to solid 
is much smaller than in the case of evaporation. 

Distillation is the vaporization and subsequent, 
condensation of volatile liquids. When applied 
under proper conditions to mixtures of constit- 
uents which have different boiling temperat ures, 
a separation of constituents results. Distillation is 
of particular importance in industries like pe- 
troleum refining, where the principal occupation 
is the separation of a complex mixture into a 
variety of products, (las absorption is the removal 
of constituents from a mixture of gases by scrub- 
bing the gases with a liquid which selectively 
dissolves out certain constituents. Solvent ex- 
traction is an analogous separation in w r hich a 
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liquid mixture is contacted with an immiscible 
liquid solvent. In adsorption, a solid having an 
extended surface is added to a fluid mixture to 
adsorb selectively certain constituents in the 
mixture. Filtration is a mechanical separation, 
whereas all the other separations mentioned 
above involve the diffusion of a constituent from 
one phase to another. These diffusional operations 
may be treated by similar techniques, and for 
convenience they are often lumped together as 
phase-change physical separations. The latter name 
arises from the fact, that the separations take 
place by a selective migration of constituents from 
one phase to another. 

As an example of a typical process sequence, 
consider thermal cracking in a petroleum refinery. 
The preparation of the charge stock for the crack- 
ing involves distillation of the crude oil to separate 
it into various light cuts, intermediate cuts, and 
residuum. Selected high-boiling fractious make up 
the cracking feed stock, which is pumped to the 
cracking furnace through one or more heat ex- 
changers wherein heat is exchanged with other oil 
streams. In the cracking furnace the charge stock 
flows at high velocities through many passes of 
pipes, which are heated by the flames in the fur- 
nace. After leaving the cracking still (furnace) 
the cracked oil is vaporized into a distillation 
column where it is separated into a variety of 
products including gas, gasoline, and recycle* 
stock, i.e., stock having the same boiling range as 
the feed stock. In this particular process sequence 
the unit operations of fluid flow, heat transfer, and 
distillation are used both before and after the 
purely chemical step of cracking. It is typical of 
the chemical process industries that the unit 
operations comprise the bulk of the processing, 
while the purely chemical operations constitute 
only a minor part. (See Cracking.) 

Unit Processes. Attempts to codify chemical 
operations in somewhat the same fashion as the 
physicul unit operations led to the concept of the 
unit process. Typical unit processes are hydroly- 
sis, pyrolysis, oxidation, halogenation, nitration, 
and sulfonation. Because of the wide variety of 
chemical behavior within a given unit process 
and because quantitative results are not possible 
this codification has not been as useful as the 
concept of the unit operations. (See Reaction 
Rates, Catalysis.) 

Basie Principles. Although the introduction of 
the concept of the unit operations permitted the 
development of chemical engineering and the 
concomitant rapid technological advance in the 
process industries following World War I, recent 
trends in chemical engineering have made this 
concept unwieldy. Underlying the unit operations 
is a hard core of four basic principles which em- 
brace every technical problem in chemical engi- 
neering. These principles may be identified simply 
as conservation , equilibrium , kinetics , and control . 

Conservation. The conservation concept is an 
accounting concept which states that what goes 
into a system, if it is not transformed, must either 
accumulate in the system or come out of the sys- 
tem. Familiar examples are the law of conservation 
of matter and the law of conservation of energy. 


These laws as applied to problems of fluid flow arc 
the basis of the equation of continuity and Ber- 
noulli’s theorem, respectively. The conservation 
of momentum is another powerful tool in flow 
problems. 

In phase change separations material balances 
account for matter and heat balances account for 
energy. In chemical reactions the material bal- 
ances must be based on atoms or total masses. 

The economic balance accounts for money and 
is of strategic importance in gaging actual per- 
formance or projected possibilities. 

Equilibrium. Physical and chemical processes 
cannot go beyond the limits set by equilibrium 
conditions; hence a clear understanding of these 
conditions is essential to sound process engineer- 
ing. In diffusional operations such as distillation, 
solvent extraction and the like, the degree of 
difficulty of separations and therefore some idea 
of the costs involved can be determined from the 
number of equilibrium contacts required for the 
separation. 

The feasibility of chemical reactions as well as 
physical processes can be assessed from equilib- 
rium relations. Furthermore, as will be seen, the 
driving forces for both plo'sical and chemical 
processes are given by the appropriate displace- 
ments from equilibrium. Problems in kincticH can 
be handled meaningfully only when the equilib- 
rium conditions are known. 

Kinetics. By kinetics is meant time dependent 
processes or changes. A synonymous term is rate 
process, and in chemical engineering only four rate 
processes are of any great importance at^resent, 
namely, the physical rate processes of momentum 
transfer, thermal transfer , and mass transfer, on the 
one hand, and chemical rate processes or chemical 
kinetics on the other. All these rate processes in- 
volve a flow or transport, resulting from a gradient 
in the appropriate potential. Momentum is trans- 
ferred by velocity gradient; heat by a temperature 
gradient; mass by a concentration gradient; and 
chemical species by a gradient in chemical po- 
tential. In each case the total potential gradient is 
given by the total displacement from equilibrium, 
and in each case the rate equation is given by the 
product of a rate coefficient or reciprocal re- 
sistance and the driving force for the process. 

Momentum transfer is the basic rate process in 
fluid flow; thermal transfer is the basic rate process 
in the various heat transfer operations; and mass 
transfer is the basic rate process in the phase 
change physical separations. 

Control. Intelligent application of the principles 
of conservation, equilibrium, and kinetics per- 
mits the design and performance afaalysis of 
processes and equipment insofar as -sizes and 
capacities are concerned. However, these princi- 
ples of themselves give no picture of thfc behavior 
of processes under dynamic operating conditions. 
Since the dynamic behavior of processes strongly 
affects the yield and quality of products, a fourth 
basic principle must be added to handle problems 
relating t.o quality of operation. This fourth 
principle is one of control , since it necessarily re- 
lates to the character of performance of regulated 
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operations and equipment. (See Automatic 
Process Control.) 

In a broad sense control may be defined simply 
as regulation for purpose. For chemical engineer- 
ing applications three characteristics of control 
are of special pertinence: 

(1) A systems approach must be used in apprais- 
ing problems, that is, the entire system must be 
viewed as a whole, since the overall dynamic per- 
formance depends on every part of the system. 

(2) In general only feedback control (closed -loop 
control) is economical. With this type of control 
the controller is continually apprised of the re- 
sults of its action, and its subsequent actions an? 
taken on the basis of the apprisal. 

(3) Because of the feedback the over-all control 
system can become unstable; hence the limiting 
condition of stability provides an important first 
criterion of controlled performance. 

As examples of how the four basic concepts of 
chemical engineering are utilized consider the fol- 
lowing situations. In preliminary surveys the equi- 
librium concept identifies feasible and unfeasible 
process schemes. In gross process evaluations the 
conservation concept gives the gross amounts of 
materials, energy, and money that may be in- 
volved. In more detailed evaluations the kinetic 
concept in conjunction with conservation and 
equilibrium fixes sizes and capacities of equip- 
ment. The filial kind of operation achieved by the 
process units is determined by the control concept 
applied with all the other three basic concepts. 

In all engineering problems economic practi- 
cality iH the overriding consideration, and factors 
of human relations frequently bear on decisions; 
but the purely technical aspects of chemical 
engineering problems can be handled via various 
combinations of the four basic concepts of con- 
servation, equilibrium, kinetics, and control. 

Ek.nkst F. Johnson' 


CHEMICAL LITERATURE 

The literature of chemist ry is voluminous. Some 
indication of the extent of chemical publication is 
to be found in the fact t hat by the end of its fift iet h 
year (1956) Chemical Abstracts will have published 
over two million abstracts of published chemical 
papers and patents. Inasmuch as Chemical Ab- 
stracts undertakes to cover the field of chemistry 
completely, counts of abstracts do provide* a 
pretty accurate measure of the chemical research 
activity of the world. Growth in chemical litera- 
ture is now rupid. Over recent years the increase 
has been about 10% per year. Chemical Abstracts 
published 8000 abstracts during its first, year 
(190V ) ; in 1954 it published 78,689. 

Of the limited amount pf information which can 
be stored effectively in the human brain, it is very 
desirable that a part consist of a thorough know l- 
edge of how to obtain such recorded information 
as may be required from time to time. Skill in the 
library is valuable just as is skill in the laboratory. 

In chemistry more than in any other field organ- 
ized means of making the published literature 
available have been provided. Home of these tools 


for the use of the literature of chemistry will be 
briefly discussed below*. A good deal of pioneering 
in the publication of abstracts, indexes, and the 
like has been done in the chemical field. 

Before discussing the kinds of chemical publi- 
cations and describing or listing some of the spe- 
cific books and periodicals, mention should be 
made of certain developments which are the out- 
come of a growing realization of the importance of 
having the rapidly accumulating information 
approachable and usable. 

Many universities now T teach courses in chemical 
literature and several text, books or reference 
books arc available. The best established of these 
are : 

(a) Mellon, Melvin (!.: “Chemical Publica- 
tions’*, Now York: McGraw-Hill. 1928; re- 
vised cd., 1956. 

(b) Soule, Byron A.: “Library Guide for the 
Chemists”, New York: McGraw-Hill, 1938. 

(c) Crane, E. J. and Patterson, Austin M.: “A 
Guide to the Literature of Chemistry”, New 
York: Wiley & Sons, Inc. 1927; revised by 
Eleanor B. Marr, 1957. 

(d) Dyson, G. Malcolm: “A Short Guide to 
Chemical Literature”, London: Longmans, 
Green & Co. 1951. 

Since 1949 the American Chemical Society has 
had a Division of Chemical Literature. This is a 
very active division which meets twice annually 
for the presentation of papers and organized sym- 
posia. The Division has a small journal known as 
Chem i ra I L i teratu re . 

In recent years there have been several con- 
gresses, most of them international, organized for 
the discussion of the problems of dealing with 
chemical literature. Some of these have been 
sponsored by UNESCO, some by the International 
Union of Pure and Applied Chemistry (IUPAC), 
and some by national groups, such as the Koval 
Society in England. The International Council of 
Scientific Unions has organized an International 
Abstracting Board for the purpose of helping ab- 
stracting services in science in avenues where 
international cooperation is possible. Chemistry 
is included in this effort. The latest international 
gathering was the First International Congress for 
the Documentation of Applied Chemistry, organ- 
ized under the auspices of IUPAC, and held in 
London in November of 1955. 

Periodicals. The journal literature constitutes 
much of the scientific source material. There are 
now over 6(XX) scientific, technical, or trade peri- 
odicals w hich publish original papers of chemical 
interest (the results of experimental investi- 
gation). These vary from such productive publi- 
cations as the Journal of the American Chemical 
Society , which publishes approximately 1500 origi- 
nal chemical papers plus a number of briefer com- 
munications in a year, to publications of fields not. 
primarily of chemical interest, but w T hich use 
chemistry occasionally so that the publications 
arc of chemical interest, though only infrequently 
so. 

Many of the nations of the world have national 
chemical organizations the publications of which 
constitute the more important sources of original 
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chemical papers. Listing these would hardly be 
appropriate here. Good sources of information 
concerning scientific, technical, and trade journals 
of chemical interest arc: 

(a) The List of Periodicals Abstracted by 
Chemical Abstracts. Washington, D. C.: The 
American Chemical Society. Revised ed. 
1966. 

(b) Periodica Chimicti. Weinheim, Ger. : Verlag 
Chemie, G.m.b.H. 1952. 

(c) “World List of Scientific Periodicals (1900- 
1950)”, New York: Academic Press, Inc. 
3rd ed., 1952. 

In addition to original pupers the periodical 
literature of chemistry is a source of abstracts, in- 
dexes, reviews, bibliographies, news, and statistics 
and other trade information. 

Abstracts and Indexes. Of special importance 
in dealing with scientific literature are the ab- 
stract journals. These, with their indexes, are de- 
signed for the specific purpose of keeping the 
scientists in each of a variety of fields informed as 
to current developments and for making searches 
back through the literature possible. 

Chemisches Zentralblatt was the first chemical 
abstract journal. This publication, started in 1830 
under the name P bar mace utisches Centralblatt , is 
still appearing and thriving, though it was discon- 
tinued for a short time because of World War 11. 
It is comprehensive and well indexed, particularly 
for those who like a so-called systematic index, 
with effectiveness as a key somewhat lessened by 
considerable classification. 

In the English language abstracts appeared 
during the years 1871-1925 in the Journal of the 
Chemical Society , during 1882-1925 in the Journal 
of the Society of Chemical Industry , and from 1906 
to 1953 in a combination of these, fipst called 
British Chemical Abstracts and then, after being 
known as British Chemical and Physiological Ab- 
stracts during the period 1938-1944, called British 
Abstracts till it was discontinued at the end of 
1953. These journals have published good ab- 
stracts, but they have not been quite complete in 
their coverage of the chemical field and their in- 
dexes have been less extensive than have some 
others. 

The principal abstracting journul for chemistry 
now appearing in the English language is the 
American Chemical Society’s Chemical Abstracts 
(1907-date). This journal has long striven to cover 
the field of chemistry, both pure and applied, 
completely (it published 78,689 abstracts in 1954), 
and it has also undertaken to publish a thorough 
key to the information in the abstracts in the form 
of scientifically prepared indexes. Chemical Ab- 
stracts publishes author, subject, molecular for- 
mula, organic ring-system, and numerical patent 
indexes, both annually and at ten -year periods. 
The indexes, considered together, require about 
700 words to every 1000 words used in the publi- 
cation of the abstracts. 

Beginning in January, 1956, the office of Chemical 
Abstracts is to be spoken of as conducting the 
Chemical Abstracts Service and a research depart- 
ment in the new building of Chemical Abstracts on 
the Ohio State University campus in Columbus 


will aid in working up additional means of helping 
chemists in dealing with the literature of their 
field. 

For many years, starting back as early as 1858, 
Bulletin de la societe chimique de France published 
abstracts, but this service was discontinued at the 
t ime of World War II, and now in France the whole 
field of natural science is reported briefly in the 
Bulletin analytiqne. Very brief descriptive ab- 
stracts, little more than annotations, are pub- 
lished, and there are no indexes. 

An abstract, journal is being published in Japan 
known as Complete Abstracts of Japanese Chemical 
Literature and a series of abstract, journals was 
started in the Soviet Union in 1953. One of these 
publications ( lieferativnyi Zhurnal, Khimiya Be - 
feraty) is devoted to chemistry and it is making a 
good beginning. 

There are many other sources of abstracts, some 
of them for limited fields and for limited periods 
of time, and some of them for fields which are only 
partially of chemical interest.. Some journals 
which publish original papers also carry abstracts 
for their fields as, for example, the Journal of the 
American Leather Chemists’ Association. Roth for 
journals publishing original papers and for those 
publishing abstracts a list, with descriptive matter 
for the most important, ones, is to be found in the 
Crane -Patterson “Guide to the Literature of 
Chemistry”. 

Patents. To many chemists, particularly those 
in industry, patent, specifications constitute a 
valued source of new information. Much of the 
chemical work done in industrial laboratories and 
a great, many of the products of ehemtots of in- 
ventive ability are reported and described in 
patent form only. Patents are searched also by 
chemical firms for information of legal and busi- 
ness significance. In the United States about one 
patent in five is now of chemical interest . 

Most of the countries of the world with any de- 
gree of industrial development issue patents. 
Patents taken out in one country may be taken 
out also in another so that, there is duplication of 
information published in the form of patent 
specifications. 

Patent information can l>e obtained from (1) the 
original specifications (about 25 countries now 
publish full specifications), (2) official patent 
office journals, where abstracts or otherwise 
abridged specifications, sometimes only a list of 
claims, arc given, (3) abstract journals, (4) scien- 
tific and technical journals which often discuss at 
length individual patents considered to be of 
special interest to their readers, (5) patient digests 
and lists, (6) court records, (7) publications on 
patent law and practice, and (8) periodicals de- 
voted exclusively to the patent field. 

In examining a patent for new chemical infor- 
mation it is well to bear the following in mind. 
In writing a patent application, the patent lawyer 
prepares a full description of the invention, as re- 
quired by law. This description must be charac- 
terized by plenty of details. Frequently, though 
not always, a description includes several sepa- 
rate, numbered “examples” illustrating various 
aspects of the invention. The new technical 
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information is to be found in this detailed descrip- 
tion of the invention together with the “exam- 
ples”, if any, not in the claims nor in the introduc- 
tory, more general discussion of the nature or 
objects of the invention. 

Usually the best place to do patent searching is 
in the patent office of one’s country, such as the 
U. S. Patent Office in Washington, I). O., but a 
number of libraries have good collections of patent, 
specifications. An outstanding collection of patent- 
specifications is to be found in the New York 
Public Library, New York City. 

A good source of information concerning the 
various patent office journals is the Manual of 
Foreign Patents written by B. Severance and 
distributed by the Patent Office Society, Washing- 
ton, D. C. 

Ollier Sources. Aside from the more or less 
regularly appearing periodicals and patents as 
sources of new information of interest to the 
chemist-, there are numerous somewhat irregular 
publications, such as government bulletins and 
circulars, trade literature, annual reviews, reports 
by research organizations, dissertations or theses, 
bibliographies, privately published addresses or 
lectures, preprints and reprints, and personal 
correspondence. 

In addition, useful information is sometimes to 
be found only in unpublished reports, such as the 
numerous wartime or peacetime national defense 
reports provided by governmental research 
agencies. Much investigational work is done for 
governmental departments by outside contracts 
as well as within governmental laboratories. Some 
of the reports, classified at first, are later declas- 
sified and made available. This kind of report in- 
cludes papers captured during wartime. A good 
source of information concerning these reports is 
U. S. Government- Research Reports (formerly 
Bibliography of Technical Report* and before that 
Bibliography of Scientific ami Industrial Reports) 
(1936-date), issued by the Office of Technical 
Services, V. S. Department, of Commerce. This 
often gives a good deal of information in the 
form of abstracts and it provides information on 
how to get photoprints of these unpublished re- 
ports. The essential information in many of these 
reports eventually gets into the journal literal ure. 

The government bulletins and the like may come 
from federal, state, or municipal governments. 
The State Agricultural Experiment Station bulle- 
tins. are good examples. Municipal reports are 
likely to concern such municipal problems as those 
dealing with water supply and sewage disposal. 
Some of the federal government bureaus are quite 
productive of published research results. Many of 
the larger libraries receive all or most of the 
government puhlicat ions. 

The trade literature includes house organs, 
which may contain considerable new information 
not issued for advertising purposes, or not- com- 
pletely so, booklets which are useful even though 
issued primarily for advertising, and out-and-out. 
advertisements. 

Annual catalogs are a useful part of the trade 
literature. Good examples are the “Chemical Engi- 
neering Catalog” and the “Chemical Materials 


Catalog”, both published by the Reinhold Pub- 
lishing Corporation, New York, N. Y. 

Books. Chemical books, so important to the 
chemist, are being discussed last because, as a 
rule, they follow the journal and much of the other 
literature in appearance. While some books do re- 
port new information (the results of experimental 
investigation not previously published), ordi- 
narily books are based on information which has 
already l>een in print, usually in periodicals. 
Authors customarily gather the published in- 
formation on a given subject, classify it, and 
present it in readable and in more or less exhaus- 
tive form. Books are useful in teaching or learning, 
as a convenient means of reviewing a subject, and 
as a factor in some phases of literature searching. 
They introduce the novice to a more or less general 
subject or field; often they explain new theories 
in the light of facts already known, and they help 
to coordinate and systematize knowledge. Popular 
books of science are helpful in widening interest 
and support, and they make for better public 
relations. When the writer of a book has had long 
experience in a given field he is often able to in- 
terpret advantageously the more or less scattered 
investigational results which have originally ap- 
peared in the journal literature. 

Many books offer convenient starting points in 
literature searches and reference books not in- 
frequently provide ending points in certain kinds 
of searches, particularly when single* bits of in- 
formation are needed. A good reference book cites 
its authorities and serves as a guide to original 
articles. 

Scientific books take various forms. They may 
be just general books, such as textbooks, but also 
they may be encyclopedic works, treatises of a 
broad scope, indexes, dictionaries, tables of con- 
stants, and pocket books. Some, such as encyclo- 
pedias and broad treatises, may consist of several 
volumes. Current and more recent encyclopedias 
are : 

Thorpe's “Dictionary of Applied Chemistry” 
(Fourth Edition, 12 volumes, London: Long- 
mans -Green, 1937 1954). 

“Dbionario di ehimica generate e indust riale”, 
by M. Gina and (\ Gina Lollini (3 volumes. 
Turin: Union Tipografico, 1948-1950). 

Villaveechia’s “Dizionario di merceologia e di 
chimiea applienta”, (Fifth edition, 4 volumes. 
Milan: u.Hoepli, 1919). 

“Kingzett’s Chemical Encyclopedia” (Eighth 
edition bv R. K. Strong. London: Baillere- 
Ti tidal l and Cox, 1952). 

“Encyclopedia of Chemical Technology”, edited 
by It. E. Kirk and 1). F. Othmer (14 volumes. 
New York: Jiiterscience l'ress, 1947-1955). 

“Encyclopedia of Chemical Reactions”, (7 
volumes), Jacobson -Hampel, New York: 
Reinhold, 1947-56. 

A number of older encyclopedic works of chemi 
cal interest, are to be found on library shelves. 

General treatises or handbooks on chemical sub- 
jects are too numerous to la' listed here. The 
compilation and publication of books of the 
“Hnndbuch” type has been particularly common 
in Germany through the years. There is a growing 
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tendency to publish unniml review volumes in 
other countries, including the United States, in 
recent years. The general treatises of greatest 
general value to the chemist arc Gmclin’s “Hand 
buch der anorganischen Chemie" (Verlag Chcmic, 
G.m.h.H., Weinlieim/Bergstrasse, Germany) and 
Beilstcin’s “Handbuch der organischcn Chemie” 
(Springer, Berlin, Germany). 

Gmelin , now in its eighth edition (started by II. 
J. Meyer and being continued by Erich Piet sell), 
is a lineal descendant of Leopold Gmclin’s “Hand- 
bucli der theoretischen Chemie" (1817-1819). The 
eighth edition, with supplements to be completed 
by 1963 or 1964, will exhaustively cover inorganic 
chemistry for the period 1750-1950. 

Beilstein , now in its fourth edition, edited by 
Bernard Prager and Paul Jacobson, was originally 
the work of Friederich Konrad Beilstein, a tre- 
mendous worker, who issued his first edition in 
1881-1883, his second edition in 1886-1890, and his 
third in 1892-1899. The main series of the fourth 
edition includes all organic compounds of known 
structure to 1910. The first supplement to the 
fourth edition covers the period 1910-1920. The 
second supplement started publication in 1941 and 
will cover the years 1920-1930; it will soon be 
completed. A third supplement has been an- 
nounced to cover 1930-1950. 

Other important comprehensive works will be 
referred to here by author name only. They are 
(for inorganic chemistry) (1) Mellor, (2) Pascal. 
(3) Sue* d, Maynard, and Brasted, (4) Abegg, (5) 
Dammar, (6) Doelter and Leitmeir, (7) Evans, (N) 
Friend, (9) Moissan, (10) Huckel, ami (11) Stabler; 
(for organic chemistry) (1) Elsevier, (2) Grignard, 
(3) Heilbron, (4) Groggins, (5) Houbon-Weyl, (6) 
Rodd, (7) Whitmore, (8) Wicssberger, (9) Velluz, 
(10) Vogel, and (11) Wagner and Zook; (for chemi- 
cal methods and reactions) (1) Adams, (2) Theil- 
heimer and (3) Jacobson. In this connection men- 
tion should be made of the series of books (the 
editors vary) called: (1) “Inorganic Syntheses", 
and (2) “Organic Syntheses". Many other very 
valuable and useful book or series of books could 
be added for more or less specific branches of 
chemistry, as Abderhaldcn's “Biochcmisches 
Hniullexicon”. 

Indexes which appear in the form of books have 
been provided for convenient consultation. In 
chemistry the more useful of these have taken the* 
form of formula lexicons of which' the following 
are very useful. Richter’s “Lexikoti der Kohlen- 
stofTverbindungen*’, the first edition of which ap- 
peared in 188-1 and the third edition of which 
brings the literature down through 1909 (Voss, 
Leipzig, 1910-1912), was followed by Stelznor’s 
“Literature-Register der orgunischen Chemie" (5 
volumes, Verlag Chemie, Berlin, 1913-1926), 
which covers the period 1910-1921 . The formula 
index to Beilstein (fourth edition) covers the 
literature through 1919. For inorganic chemistry 
there is Hoffmann’s “Lexikon der anorganischen 
Verbindungen" (3 volumes, Barth, Leipzig, 1912- 
1919); it covers the literature to April, 1909. 

Chemical Abstract* started its annual formula 
indexes in 1920 and Chemische s Zentralblatt began 
its formula indexes of organic compounds in 1925. 


There is a collective formula index to Chemical 
Abstracts for the period 1920-1946, and ten -year 
formula indexes will follow'. 

“The Ring Index" by Austin M. Patterson and 
Leonard T. Cupel 1 and the “Color Index" by 
Rowe for dyes arc good examples of indexes in 
book form. The indexes to some of the abstract 
journals, such as Chemical Abstracts , are so ex- 
tensive as to require binding in volumes separate 
from the abstracts, and some of the collective 
indexes involve several volumes. 

Monographs (rather full treatises on special 
topics) usually give the detailed information that, 
is needed by the research worker and are yet of 
convenient and relatively inexpensive size. These 
are frequently issued as parts of a series. Of special 
interest to the American chemist arc the mono- 
graphs on pure and applied chemistry sponsored 
by the American Chemical Society and published 
by the ltcinhold Publishing Corporation. 

In the chemical field, there are several dic- 
tionaries and glossaries (word books) which con- 
sist of definitions of words or terms all in one 
languuge and also there are chemical dictionaries 
for two or more languages written for the purpose 
of helping in the reading and translating of scien- 
tific and technical publications. A few of the more 
helpful chemical dictionaries in the English 
language are listed below. 

“Condensed Chemical Dictionary", F. M. 
Turner (editor), Arthur and Elizabeth Rose 
(compilers) 5th edition, New' York, ltcinhold, 
1956. 

“Concise Chemical and Technical Dictionary”, 
by Harry Bcimct. New York, ChcTTticul Pub- 
lishing (Jo., 1947. 

Gardner’s “Chemical Synonyms and Trade 
Names", 5th edition (revised by E. I. Cook) 
England, Technical Press, 1948. 

“Chemical Dictionary", by Hackh and Grant. 
3rd edition, Philadelphia, Blakiston, 1944. 

"Chemical Trade Names and Commercial Syno- 
nyms, A Dictionary of American Usage", by 
Williams Haynes, New York, Van Nostrand, 
1951. 

Henderson’s “Dictionary of Scientific Terms", 
5th edition (edited by J. H. Kenneth), Edin- 
burgh, Oliver A Boyd, 1953. 

“Chemie- Lexikon", by H. Uocmpp, 2nd edition 
in 2 vols., Stuttgart, Franckh’sche Verlag, 
1956-1951. 

Van Nostrand “Chemist’s Dictionary”, edited 
by Honig, Jacobs, Ijcwin, Min rath and 
Murphy, New York, Van Nostrum!, 1953. 

Very helpful in translating arc: 

“A German-English Dictionary for Chemists", 
by Austin M. Patterson. 3rd edition, New 
York, Wiley & Sons, 195-1. 

“A French-English Dictionary for. Chemists", 
by Austin M. Patterson. 2nd edition, New T 
York, Wiley & Sons, 1954. 

“German-English Technical Dictionary", by 
Kurt F. Lcidccker. Vols. I and II, New York, 
S. F. Vanni, 1951. 

“Russian -English Technical and Chcmicul Dic- 
tionary", by Ludmilla Ignatiev Callaliam. 
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Now York, Wile}' & Souk; London, Clmptnuti 
& Hall, Ltd., 1947. 

“Chcmisches Fachworterbuch, Dcutsch-Eng- 
lisch-Franzosisch”, by A. W. Mayor. Vol. i, 
Leipzig, Vorlag von Otto Sj)amor, 1929. 

The chemist is frequently helped by books of 
constants. The assembling of numerical data from 
the widely scattered original sources is a kind of 
service for which there is a good deal of need. The 
three most comprehensive works of t his sort are : 

(1) “International Critical Tables”, edited by 
E. W. Washburn, in 7 volumes and an index, 
McOraw-Hill, New York, 1929 1933. 

(2) Landolt-Hornstcin’s “Zahlenwerte und 
Funktionen uus Physik, C hemic, Astrono- 
mie, Ccophysik, Technik” (6th edition of 
IMiysikulisch-clicmischc Tabclleu), edited 
by E. E. Eucken, started publication in 1950 
by Springer (Berlin) with four volumes 
announced. 

(3) “Tables aiinuelles de constants et donndes 
fiumeriquc de chimie, tie physique et de 
technologic”, twelve volumes which, pub- 
lished in 1912-1939, cover the years 1910— 
1936. 

Scientists anti engineers often find it useful to 
have at hand so-called pocket hooks, sometimes 
referred to as handbooks. In these are assembled 
miscellaneous information in convenient and 
readily available form, (loot! examples are: 

“Handbook of Chemistry anti Physics”, edited 
by C. D. lludgman. Cleveland: The Chemical 
Rubber Co., Cleveland, O. 

“Handbook of Chemistry”, editetl by N. A. 
Lange, Sandusky, Ohio: Handbook Pub- 
lishers, Inc. 

1 'Chemists 1 Yearbook 11 , edited by E. Hope. 
Tomperloy, England: St. Ann’s Press. 

"Kurzes Ilantlhucli dor ('hemic”, etlitetl by 
Wuldcinau Koglin. ( lot t ingen, (lermany: 
Yautleidioeck uml Kuprccht. 

A elassilietl list of reference books has been com- 
piled for the Crane- Patterson "(Snide to the 
Literature of (-hemistry”. 

About two thousand new books of interest to the 
chemist now appear annually. There are various 
ways of learning of new chemical books as well as 
of acquiring information concerning the older 
books when this information is needed. Many 
scientific journals publish book reveiws of interest 
to their specific fields and (or) lists of new books. 
Some of the abstract journals list new books in 
comprehensive maimer. Publishers* catalogs can 
be obtained and watched. Some libraries keep files 
of such catalogs. The same can be said of catulogs 
of book dealers. Library accession lists can he 
obtained at little or no cost. The Library of Con- 
gress Lists are comprehensive. The New York 
Public Library issues a bimonthly known as New 
Technical Books , and the Carnegie Library of 
Pittsburgh, Pa., has a quarterly' annotated list 
entitled ” Science and Technology: A Record of 
Literature Recently Added to the Carnegie Library ”, 
Then there are general book guides such as Pub ■ 
Ushers* Weekly , The Cumulative Book Index , and 
Technical Book Review Index. 

Library catalogs and book lists such as those 


issued by AKL1B (the Association of Special 
Libraries und Information Bureaux of London) are 
still other means of learning about books. 

Indexes. Indexes were briefly mentioned above 
as examples of a kind of book. From another view f - 
point indexes deserve discussion here. There are 
various kinds of chemical indexes. The commonest 
kinds are devoted to (1) authors, (2) subjects, and 
(3) molecular formulas. The indexes are a very 
important part of any reference source, particu- 
larly an extensive one, such as an abstract- journal. 
Information is buried in extensive compilations 
unless keys are provided in the form of thorough 
and well -prepared indexes. There is considerable 
interest in the possibility of new kinds of indexes. 
Among these are (1) cipher indexes based on such 
new notations for chemical compounds as that 
worked up by (L M. Dyson and that by Willium 
J. Wiswessor; (2) citation indexes (a sort of gene- 
alogy of references) such us lawyers use; (3) 
chemical-group indexes, which might include 
ciphers; and (4) descriptor indexes, which provide 
selectivity of references by coincidence of terms. 
Coordinate or coincident indexes (based on the 
coincidence of terms) are coming into use. 

Libraries. A discussion of chemical literature 
would be incomplete without mention of libraries. 
A number of the larger libraries in the United 
States specialize in scientific periodicals and 
books, and most of the University libraries are 
reasonably well stocked with such publications. A 
listing of the more important American libraries 
cannot be given here. A representative list of 
about three hundred American and Canadian 
libraries is to be found in the front of the List of 
Periodicals Abstracted by Chemical Abstracts , 
which List includes a key to library files. 

In addition to doing a certain amount of inter- 
library lending many American libraries now have 
a photocopying service useful in widening the 
availability of their holdings. Some libraries also 
have a translating service. 

Mechanization. The mount aimms growth of 
scientific literature has stimulated interest in new 
and more facile ways of dealing with the problem 
of making this information available for use. 
During the past dozen years, efforts have increas- 
ingly been made to mechanize literature searching. 
Various punched card procedures have been pro- 
posed and some with certain limitations are in use. 
Efforts have also been made to bring modern elec- 
tronics into the picture. Investigational work ou 
literature mechanization, a worthy objective, 
continues. 

No comprehensive mechanization system for a 
field as broad as the? whole of chemistry and the 
related sciences in which chemistry is often used 
has been found as yet . The most important suc- 
cessful American project of this sort, is that of the 
Chemical -Biological Coordination Center spon- 
sored by the National Research Council, National 
Academy of Sciences. It is limited to chemical 
compounds (about 60,000 of them) with certain 
recorded biological properties correlated with 
coded structural elements. Dealing with the less 
definite, in formation of broad fields is more diffi- 
cult. 
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It can be said of literature mechanization that 
promising beginnings have been made in less com- 
prehensive fields and with operation of the systems 
best kept in the hands of those who have built 
them. 

Those working on mechanization are both 
limited and encouraged by the fact, that (1) ma- 
chines cannot think, but. they can tirelessly do 
many things with greut rapidity and accuracy; 
(2) machines cannot provide information which 
humun beings have not, with forethought, put 
into them, but machines have real possibilities 
for the manipulation and helpful correlation of 
information; (3) machines cannot grow as can a 
human literature searcher during the course of a 
search, but there are ways to introduce oppor- 
tunities for the latter kind of growth. One way is 
machine searching by steps, with the human 
searcher entering the picture between strides. At 
least the manipulation, correlation, and organi- 
zation of information by machines may under 
some circumstances put information in a form 
more amenable to growth by individuals in the 
course of searches. 

A good book on mechanization is 1 'Punched 
Cards, Their Applications to Science and In- 
dustry”, edited by Robert W. Casey and James 
W. Perry and published by Reinhold Publishing 
Corporation. (Second Edition, 1957). 

E. J. Crank 

Cross- References : Documentation 


CHEMICAL MICROSCOPY 

In the chemical industry, physical as well as 
chemical properties are involved. Microscopy is 
especially helpful in answering physical' questions 
in discovery, development, control, or ‘service. 
Special physical conditions can usually l>c furnished 
under a microscope, such as special equipment for 
cooling or heating samples (cold and hot stage). 

The observer works best when most relaxed 
and comfortable, according to three simple rules: 
(a) Always imagine that the object is far away 
(practically, at infinity); then the focussing 
muscles for the eye’s lens are completely relaxed 
and their fatigue is at a minimum, (b) Keep the 
brightness of the image to a practical minimum 
(just slightly brighter than the conveniently 
lighted surroundings) ; then the iris diaphragm of 
the eye will not become abnormally closed and 
"microscope eye” and headache are avoided, 
(c) Keep both eyes open, even with a monocular, 
aa continuous effort to keep the unused eye shut 
will tire the face muscles. 

Magnification is "useful” when the finest detail 
is just visible to a person at a certain distance 
(10 in., unless stated otherwise). Any magnifica- 
tion over useful magnification is "empty magni- 
fication”. Enlargement by projection of negatives 
of micrographs is sometimes "useful” especially 
in electron and x-ray microscopy. 

In addition to pictorial images, microscopes may 
be made to produce descriptive and determinative 
patterns. Interference patterns by transmitted 
polarized light have long served to describe and 


detect the architecture of transparent crystals, 
fibers, films and other oriented textures. Nowa- 
days, optical figures produced by light reflected 
from opaque specimens are also being understood. 
Electron diffraction patterns in the electron micro- 
scope are useful, especially to identify thin layers 
without interference from their substrata. Micro- 
scopical absorption spectra in the visible or ultra- 
violet are obtainable by means of a "spectro- 
scopic” ocular or camera! 1 Infrared absorption 
microspectrometry has been made possible by the 
development of mirror objectives and condensers. 

An identification may be performed microscopi- 
cally by recognizing distinctive physical proper- 
ties, or by making distinctive chemical derivatives. 
The latter are usually made by dissolving a 
"speck” of the unknown in a drop of solvent 
and reacting it with a reagent. The precipitated 
product is recognized by its crystalline habit or 
origin of color. Usually, the whole reaction is 
carried out dropw'ise on a microscope slide. Other 
times, the reaction is made in a capillary tube, 
single fiber or paper. If the unknown substance is 
mixed with other material (c.g. in ores and alloys) 
its distribution may sometimes be obtained by 
reacting the reagent on the matrix or its replica 
(chromagraphic contact printing). If the size of 
the unknown can be controlled or otherwise noted, 
the quantity of derivative may be roughly esti- 
mated or semi-quant itatively determined. 

Physical properties are peculiar to physical 
chemical phases, rather than to strictly chemical 
composition. Therefore, physical properties dif- 
ferentiate among polymorphic phases (j».g. differ- 
ence in hardness between diamond and graphite); 
and pscudomorphic phases (e.g. blue CutfCVSlIgO, 
vs.-wdiite CuS0 4 -1H 2 0). Also, the fabrication and 
utility of substances depends largely on the physi- 
cal properties of phase systems (e.g. the plasticity 
of putties, alloys, waxes, and formulated resins). 

Determinative physical properties are many. 
There are those of texture (e.g. rocks, concretes); 
of "morphology” (e.g. starches, fibers, soaps, 
greases); "structure” (e.g. metals); and particu- 
late "habit” (e.g. in emulsions, smokes, paints). 
There arc measurable properties such as, length, 
area, volume, density, angles. Microhardness is 
meusured for either descriptive or determinative 
purposes, on cit her a micro-indentation or a micro- 
scratch w'hich was made under specified condi- 
tions. Microhardness differentiates one micro- 
scopic type of constituent or area from another. 

There are colors with unpolarized light by ab- 
sorption, reflection, refractive dispersion ("Chris- 
tiansen” effect), selective particle sizes ("Tyndall 
colors”), structural (diffraction) colons. Polarizing 
the light allows the observation of birefringence 
(double refraction), pleochroism (oriented, speci- 
fic colors by absorption or reflection). There are 
many other determinative optical properties in- 
cluding isotropy vs. anisotropy, one to three 
principal refractive indices and sometimes signifi- 
cant intermediates, optic sign (related to refrac- 
tive indices but independently determinable), 
number of optic (isotropic) axes, the angle be- 
tween two optic axes, orientation of optic axes, 
extinction angles. 
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There are determinative microscopical crystal- 
lographic properties. Crystal system and class 
are not directly observable but they are indicated 
by specific optical properties and crystallographic 
symmetry. There are various kinds of faces. 
Crystalline habit (sometimes loosely termed 
“form’*) is more indicative of conditions of crys- 
tallization than of crystalline architecture. 

Kinds of Microscopes. There are many kinds 
and varieties of microscopes. Space will be taken 
to describe only three, especially important to the 
chemist: light st-ereomicroscope; a combination of 
“chemical” and “metallurgical ” microscope; elec- 
tron microscope. Common to all compound micro- 
scopes are the three essential optical parts (“op- 
tics”) : objective , to form a real image of the object; 
ocular (“eyepiece”) to magnify this image for the 
eye, camera, or viewing screen; and condenser (or 
vertical illuminator plus objective) for collecting 
the illuminating rays to a suitable spot on the 
object. There are many kinds and varieties of 
“optics”. 

For equipping the average chemical laboratory, 
the stereoscopic microscope (Fig. 1) is most prob- 
ably the first light microscope to acquire. Being 
both /j/noculnr and bhn Active, it is two micro- 
scopes, one for each eye. By obtaining simultane- 
ously two slightly different views one gains some 
information about the third dimension of the 
object. The st.creomicroscope also extends the 
visibility* of the eye beyond that of the “simple” 
microscope (“magnifying glass”) and well into the 
range of the monobjective microscope. Among its 
advantages are an erect image and a relatively 
deep field in focus, so that manipulation of object 
and interpretation of image are natural and easy, 
even without experience; with such depth of focus, 
most specimens may be observed without prepara- 
tion to render them flatter. Its chief limitations 
are relatively low visibility and crude illuminating 
systems, compared with monobjective micro- 
scopes. 

The first microscopes used transmitted illumina- 
tion and so were limited to “transparent” objects, 
such as biological and medical material; hence 
the name “biological” or “medical” microscope. 
Then mineralogists began using polarized light 
and a rotating, graduated stage to measure optical 
and crystallographic properties of transparent 
minerals in rocks; hence the name “petrographic”. 
About 1900, Chamot took the best features of the 
biological and petrographic microscopes and de- 
signed the “chemical” microscope. Nowadays, 
there is little difference between the ‘‘petro- 
graphic” and “chemical” microscopes, and they 
are used interchangeably. 

In modern chemistry and chemical industry, 
microscopes employing illumination reflected from 
the object are also important. Reflected or “verti- 
cal” illumination is achieved by bringing light in 
through the side of the microscope tube and, by 
means of a semi-transparent reflector, down to the 

* Visibility is a combination of resolution and 
contrast. “Resolution” refers to the separation of 
parts of an object. By “contrast” is meant the 
distinction of the parts from their background. 



Fig. 1. Binocular-Binobjcctive microscope with 
simultaneously rotatable polarizers. 


object. Around 1864, Sorby used vertical illumi- 
nation for studying metals, hence the modern 
terms, “metallurgical” microscope, “met allo- 
graph” (a photomicroscope) and “metallog- 
raphy”. Around 1916, Murdoch studied the ore 
minerals microscopically by reflected light. They 
have distinctive color in polished section, by 
bright field illumination or in dark field illumi- 
nation. Some of the anisotropic ore minerals show 
distinctive polarization colors between crossed 
polarizers of light. Polarizing microscopes em- 
ploying reflected light are called “ore micro- 
scopes”. Second to the steroseopic microscope, 
the chemist needs a combination of “chemical” and 
“ore” microscopes (Fig. 2). 

Only some specialized microscopes may be men- 
tioned in this spare: grazing incidence (“ultra”), 
fluorescence, phase difference (and phase retarda- 
tion) interference, image-converters (“snooper” 
or “sniper” scope; television; ultraviolet to color) 
“flying-spot” microscopes. Also to gain contrast 
there are special methods of illumination, espe- 
cially various methods of “optical staining.” 
There are special microscope stages such as me- 
chanical, integrating (multiple mechanical) uni- 
versal (3 perpendicular axes of rotation), cold, hot., 
furnace, schlieren cell, and electrophoresis cell. 
There are, too, many varieties of photomicro- 
graphic cameras. 

With the electron microscope (Fig. 3) one has 
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Fig. 2. Combination of “petrographic** and 
“ore** microscopes. 


unique visibility for at least three reasons: (1) by 
means of a stream of electrons of extremely short 
wavelength, he has a tool with at least 100 times 
the resolving power of the light microscope; (2) 
because the stream of electrons is scattered by a 
different, kind of “density** than that which scat- 
ters light, he has another tool for gaining contrast; 
(3) because the angular aperture of the magnetic 
“lenses** is very small, depth of field in focus is at. 
least 15 times greater than the depths at high 
powers of light microscopes. 

The electron microscope has several limitations: 
(a) it and its accessories are expensive; (b) it oper- 
ates in an extremely high degree of vacuum, pre- 
senting operating difficulties and afTccting a 
specimen containing gases, liquids or certain 
solids; (c) the sharp focus of electrons may raise 
the temperature of the specimen to a destructive 
degree in a short time, reducing the period allowed 
for visual inspection and putting a burden on elec- 
tron micrography. The expense can be reduced by 
purchase of a simpler electron microscope but then 
one is reduced to observation of materials re- 
quiring lesser visibility, but none the less impor- 
tant. Examples of such materials arc pigments, 
fillers, catalysts, greases, latexes, films, fibrils and 
bacteria. Some of these may need to be “metal - 
ized” by vacuum deposition: at all angles to pre- 
serve them from the (b) vacuum or (c) heat of 
electron absorption; at one angle to give 
“shadows” and improved contrast. 

In general microscopy or particularly in electron 
microscopy some materials may need special tech- 
niques of preparation: materials such as paint or 
dear films, molded or cast resins, glasses, ceramics 
and metals. Some of these techniques include 


microtoming thin sectioning bulk materials or 
replicating unused, worn, accidental or experi- 
mental surfaces. Other materials require the 
highest powers of visibility of the electron micro- 
scope to reveal either the functional or the funda- 
mental textures. Such materials include: viruses, 
phages, biological tissues, proteins, colloids and 
resins. By providing grazing incidence of the elec- 
tron stream on the surface of a specimen, a re - 
flection electron image may be obtained. This image 
is distorted but, properly interpreted, can be very 
informative. 

A pencil of electrons from an electron condenser, 
incident on crystals produces a diffraction pattern 
which is similar to the x-ray diffraction pattern. 
The same determinative tables may lie used. Be- 
cause electrons do not penetrate far, reflect ion 
electron diffraction patterns have the advantage 
(over x-ray types) of representing in situ coatings, 
worn or deteriorating surfaces, surface phase 
changes, etc., without interference from their sub- 
strata. Transmission electron diffraction patterns 
are also manifested in the back aperture of the 
objective electron lens. Such patterns are dis 
tinguishable from those of associated crystals of a 
different phase. 

X-ray microscopy may well become important 
to the chemist. To date, there is no commercially 
available x-ray microscope. But apparatus is 



Fig. 3. Electron microscope, a commercially 
available type. 
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available for microradiography , the shadow result- 
ing from a microspot of x-rays on llu; specimen in 
contact, with a line-grained, “photo-” sensitive 
lilm. Photographic enlargement of the x-ray 
shadowgraph is “useful” in that more detail is 
made visible to the eye 10 in. away, up to enlarge- 
ments in the order of 100 or 200 diameters. While 
there are no compact lenses for focussing, x-ray 
microscopy, too, is being performed up to useful 
magnifications of the order of 200 diameters by 
linear projection of the x-rays, much like; the pin- 
hole light camera. 

There is a tilting specimen-holder for obtaining 
stereoscopic images with the conventional elec- 
tron microscope. For observation at very high 
temperatures, the specimen is heated to emit its 
own electrons in the “hot emission” (Philips) 
microscope. For observing properties of crystals 
at extremely high resolution there is the “cold 
emission” (Mueller; Pecker) microscope. Buerger 
produced “pictures” of molecules of phtlmlocya- 
nine blue (and larger) by translating x-ray diffrac- 
tion into a light image. Gabor and Bragg have 
worked on a microscope translating electron 
difTraction into a light image. 

In chemistry, all .ndivoscopes are one kind of 
general tool rather than many specialized instru- 
ments. Their combined use is frequently neces- 
sary. In the solution of chemical problems, by 
microscopy, as by macroscopv, the functioning of 
the eye and brain are fundamental. 

T. G. Itociiow 

Gross -references: Optical Microscopy, Electron 
M i crosco py , X - ra ys 


CHEMICAL NOMENCLATURE 

General, Inorganic, and Organic, Including the 
Recommendations of the International Union of 
Pure and Applied Chemistry 

The development of names for all t hat chemist ry 
represents has been and still is one of its major 
concerns. It. is obvious that every principle, funda- 
mental concept, all elements, compounds and a 
multitude of other factors in the science must be 
labeled with a word or combination of words. To 
meet, all these requisites there has been a constant 
attempt to make a coherent language of chemistry. 

’The word atom (Greek, uncut) is one of the 
oldest words of our present vocabulary and as far 
as ordinary chemical change is concerned (not 
counting nuclear fission) means about the same 
that it (lid when first used by Democritus c. 400 
B.C. It is the least unit of matter involved in 
chemical reactions by means of w'hich molecules or 
compounds are formed. The molecule is therefore 
a product made up of atoms of elements and rep- 
resents a unit of matter able to exist alone and to 
exhibit a special set of properties* of itself. The 
molecule is (except in the instance of certain gases) 
also a compound and as Huch has a chemical for- 
mula. This formula is so written to show the 
number of atoms of each clement present. In 
other words, there are molecules of elements as 
well as molecules of compounds. 

Each atom has what is known as a symbol made 


of one or two letters, the first of which is always 
the initial letter of the name of the element, either 
in English or some other language, c.g. Se, selen- 
ium, W, Wolfram (tungsten). The weight ascribed 
to the atom is called the atomic weight (or symbol 
weight) and represents a chemically determined 
relation of its weight to that of oxygen * 16. The 
sum of the number of the symbol weights in a 
molecule of a compound is called a molecular or 
formula weight. An example: KNO s (potassium 
nitrate) = K = 39.09 f- N = 14 + (3 X 16) =* 
101.09. 

The term substance is applied to matter which 
has a uniform or constant composition with one 
set of chemical properties. Accordingly, only 
elements and compounds can be strictly called 
substances. Mixtures and solutions may differ in 
that their composition can be variable and their 
properties w'ould depend upon it. One of the most 
used terms in chemical nomenclature is valence- - 
a word developed to describe the relative combin- 
ing capacity of the elements as they form com- 
pounds. On a chemical basis the valence numbers 
are reckoned in terms of a value of 2 for oxygen or 

I for hydrogen. Hence, since in water 2 II atoms 
combine with 1 oxygen atom the valence of each 

II is 1 , because it takes two atoms of this element 
to be chemically equal to 1 of oxygen. However, 
since the development of atomic structure the 
value of valence is usually’ given in terms of its 
valence electrons. The valence in respect to elec- 
trons is that number which represents the number 
of elect rons gained or lost by' an atom or a radical, 
or the number of shared pairs of electrons. 

Inorganic Nomenclature 

To demonstrate a naming system used in the 
chemistry of inorganic compounds it is necessary 
to introduce the words ion and radical. Ions in a 
general sense are electrically charged particles, 
and are usually' capable of conducting electric 
current. Their main importance in chemistry' re- 
lates to properties of solutions. A solution of an 
acid, base or salt has the property of electrical 
conductivity because of the presence in it of ions. 
They are either atoms of elements carrying an 
electric charge ( c.g . Il + hydrogen ion) or a number 
of atoms bound together in what- is called a radical 
which is also charged, e.g. S()| (sulfate radical). 
It is through these ions that acids, bases and salts 
have their existence as well as their properties. 

A compound consisting of a IP (ion) in connec- 
tion with a negatively' charged radical, e.g. NO a , 
is called an acid. In this case it would be nitric 
acid. The ions that cany positive charges are 
called cations (e.g. Cu 4 M and thosewhich are 
negative are called unions, (e.g. TO 4 )• A base 
is a compound made of a positively charged metal 
in conjunction with a negatively' charged ion, 
called hydroxyl (OH"). A typical case is K 4 ()H", 
potassium hydroxide. Salts are the product result- 
ing from the combination of the positive ion of 
the base and the negative radical of the acid, e.g. 
K^NO,\ named potassium nitrate. This generul 
case, however, is not the only way salts can be 
formed. 

The recommendations of the Committee of the 
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International Union of Chemistry on nomencla- 
ture are perhaps the best- source of systematic 
miming of inorganic compounds which has been 
provided. [See J. Am. Chew. Hoc., 63, S89-897 
(1941) |. There are still and probably will always be 
many names of chemical compounds that will be 
referred to with a colloquial term or expression 
that has little if any relation to any system. How- 
ever, in the literature the only wise plan is to 
follow the recommendations of this committee for 
terms to use for inorganic and organic compounds. 
Even then many instances will arise that will 
present debatable problems. 

Biliary (two-element) compounds such as the 
common oxides, chlorides, sulfides, phosphides, 
etc. are usually named as follows: 

MgO --magnesium oxide 
KC1 -potassium chloride 
ZnS — zinc sulfide 
CuiPy — calcium phosphide 

It is seen that the name of the most electropositive 
element is given first, and the name of the electro- 
negative element is modified so that the last part 
of the name is changed to ide. Additional insight 
can be gained by a reference to: 

IIC1 -hydrogen chloride 
Xalb sodium hydride 

The hydrogen changing from the first element to 
the lft-t because of its relative electropositive 
nature in the first to a relative electronegative in 
the second. 

In the naming of binary acids a special syllable 
is used to indicate the oxygen content: 

H B r- ■ hydrobronuc. 

II aB — hydronuUuric 

HCN — hydrocyanic 

The names here arc instructive, in relation to 
the system given below for oxygen -bearing acids. 
Hydro means “without oxygon". The name of the 
nonmetal is changed to give it a characteristic 
syllable- -ic. In the cyanide radical the system 
holds. 

The oxygen-containing substances have names 
for special reference to the oxidation state of the 
central element - the main element in the com- 
pound besides hydrogen and oxygen. In those 
compounds the suflixes ic, ous , hypo , and t he prefix 
per are used. Sulfuric acid will serve as a full 
example. 

IIjS — in aqueous solution — hydronuMuric acid 

HjSOi — in aqueous solution — suifoxylzr acid 

HsSOa — in aqueous solution — suifuroi/s acid 

H2SO4 — in aqueous solution — sulfuric acid 

HjSjOi — in aqueous solution — pcrsulfunc acid 

The highest oxidation state of the element is given 
a name with -ic as the characteristic syllable ; one 
step lower is -ous; the lowest oxidation state is 
indicated by the prefix hypo, which means “less 
than". There is no assurance that all these can be 
prepared in the free form. 

While the above syllables are still in general use, 


a strong recommendation is made that the Stock 
system should be used to indicate proportions by 
constitution. For example: 

KeClj -iron (11) chloride — not ferrous chloride 
FcCla- iron (111) chloride — not ferric chloride 

The committee even goes so far ns to say that, the 
use of the older affixes should be discontinued in 
scientific literature. Some writers are already 
doing so. Compounds with an excess of oxygen are 
called per compounds, and there is usually a 
special way to account for the structure of com- 
pounds that can be so produced. 

It should be observed at this point that the pre- 
fix per by no means tells the same thing about 
structure. For example, sodium persulfate is said 
to be a true per compound, but KCIO4 , potassium 
perchlorate is not. This is a good example of how 
confusing words are still used in the namenclatiire. 

To continue the above system for acids as it is 
applied to salts, the following rules apply. The 
word acid is dropped, the name of the metal or 
radical is placed first, and the suffix syllables are 
changed: ic becomes ate and -ous becomes -/7c. 

Na»S -sodium sulf ide 

NiisBOr sodium (hypoxuMite) sulfoxylatc 

NajSOr sodium sulf/7e 

Na-jSO* -sodium sulf ate 

Xa-jSaOs —sodium permMatc 

Sometimes it seems desirable to use other roots 
to aid in meaning, such as mono , di , tri, tetra , and 
pentu from the classical languages. 

CO— carbon monoxide (meaning one) 

CO2 —carbon ///oxide 
AsCi v- arsenic // /chloride 
CCb carbon /c/rnchloride 
lWii -phosphorus pm/oxide 

Hydrates , as inorganic, compounds, must be given 
special treatment, since they ure common sub 
stances and at the same time more complex. Ex- 
amples are copper sulfate, pentahydratc, CuS() 4 - 
fillaO, or sodium sulfate, decahydrate, Na»S(>4- 
IOH2O. Convention is not uniform either in formu- 
lation or naming. Some writers use a comma be- 
tween the anhydrous salt and water, which has 
been suggested, while others prefer a center dot, 
e.g., CaCl 2 *6H 2 (). Some name a compound of this 
sort calcium chloride, licxuhydratc while others 
suggest calcium chloride, 6 hydrate. The first 
seems more prevalent and acceptable. 

Hydrates involved above the introduction of 
another common term, viz., anhydrous. A sub- 
stance usually a salt that can crystallize with 
w ater of hydration is called anhydrdUs when it is 
free of water. The same compound when united 
with a definite number of molecules of w r at.er is 
said to be h./d rated or is a hydrate. 1 
To show how difficult a perfect consistency is: 
the case of the above-mentioned sulfur compounds 
compared to those of chlorine should be examined. 
The chlorine oxygen acids are : 

HCIO - -Aypoclilorous acid 
IiClOr - -chlorous acid 
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IlClOa — chloric acid 
IICIO4 — perchloric acid 

There should be a “Ayposulfu rous M acid, but it is 
recommended that the word sulfoxylic be re- 
tained. 

Naming in respect to stoichiometric composi- 
tion, the ( I reek numerical prefixes are recom- 
mended. These; should precede, without hyphen, 
the constituent which they represent. This plan 
is applied chiefly to nonpolar compounds. For pre- 
fixes above 12, Arabic figures are used for sim- 
plicity. Examples are: 

X ■_.( ) .< -dinitrogen trioxide 
N ?( >4 -dinit rogen tot roxide 
Fc(C() 4 ) — iron tetracarbonyl 

Inlcriiiclullic Compouruls. Xo rigid system 
of naming is recommended for this class of com- 
pounds. The best usage is formulation, in which 
the exact distribution by atoms is shown. Ex- 
ample: CuoSn-CusAl. Designation of atomic num- 
ber, atomic weight, and state of ionization is as 
follows: 

. ‘Jo--* 

These arc read as follows: 

Upper loft atomic weight or mass 

Lower left atomic number 

I'ppor right state of oxidation 

Lower right number of atoms per molecule 

Naming within groups of elements: While the 
term halide for the halogens is widely used, it is 
strongly urged that hnlogcnides replace it. 

Names like alkali elements and alkaline earths 
should be discontinued, but it. is good form to re- 
tain “alkali chloride”. 

The prefixes ortho , mrta and pyro are used in 
relation to the degree of hydration which an an- 
hydride can undergo to form an acid or a salt: 
Anhydride 

PyO# 4 - II aO 21 IPO *- meta - phosphoric acid 

P a O* 4 311y() 2 H*P <>4 orMo-phosphoric acid 

P2O1, 4 21Iy() H4P2O7' ■ --pyro-phoHphoric acid 

The accepted meanings are: Ortho , fullest possible 
hydration; pyro (Greek, lire) made from ortho by 
use of heat; and meta, lowest stage of hydration. 

Saits containing hydrogen: The l.U.C. com- 
mittee urges a change in the name for hydrogen- 
bearing salts to a system different from much of 
the common practice in current writing. Such 
compounds as NallCOs are to be sodium hydrogen 
carbonate , not sodium bicarbonate. KIISO 4 is 
potassium hydrogen sulfate; Nayil P () 4 is orthodi- 
sodium hydrogen phosphate. Salts containing a 
hydroxyl radical are to be called hydroxy com- 
pounds; Ca(OH)Cl, would be called calcium 
hydroxy chloride. 

Complex Compounds. The system devised by 
A. Werner is to be followed as far as possible. Use 
is made in this plan for a letter to be used in place 
of a Roman numeral to indicate t he valence of the 


central element. For example: 

I s II 

III » i KyPtCl* = Potassium hexn- 

chloroplat cate 

IV = e 

There seems to be a growing use of the Stock 
system of naming rather than that based 011 the 
Werner plan. This may be due in part to the lack of 
euphony in Ihc words. Stock suggested the use of 
Roman numerals in parentheses after the name of 
the cent ral element to refer to its oxidation state: 

Fed 3 would be iron (I II) chloride 
FcCly would be iron (11) chloride 

In the case of anions: 

KM 11 O 4 potassium permanganate (VII) 
KoRcCle — potassium (hexa) chlororhenate (IV) 

Coordination compounds can also be fitted into 
the Stock scheme easily and systematically. Ex- 
amples: 

K 4 [Fc(CXj«] Potassium hexaevanoferrate (II) 
K i(FetCX )<■,■ ■ Potassium hexaevanoferrate 

(III) 

K[Au(()H) 4 ] Potassium tetrahvdroxoaurate 
(III) 

Ii> regard to the recommended plan for naming 
isopoly, heteropoly, double salt compounds, hy- 
drates, the use of hyphenation for hydrates and 
the ammoniates, see J. Am. Chem. Sac. ., 63, 895- 
S97 (11)41). 

Organic: Nomenclature 

There are three essential facts with which to 
deal in the nomenclature of organic compounds: 

( 1 ) The common names of long and accepted usage: 

(2) the Geneva System, dating from the Congress 
held in 1892; (3) the report of the Commission on 
Reform of Nomenclature in Organic Chemistry. 
This study was in 19.30 in Paris. The reference in 
English to the 68 recommendations is in J . Am. 
Chem. Soc ., 55, 3905 (1933). 

The Geneva System is based on compounds 
derived from hydrocarbon as a starting point., and 
the names correspond to the longest straight car- 
bon chain which is present. The position is usually 
indicated by numbers applied to the carbons of the 
straight, chain. The numbering beginning with the 
end carbon nearest the substituent element or 
group. 

The normal compound iH one in which the car- 
bons are linked one to another in a straight chain. 
These are named such as ethane, propane, or 
pentane. Normal propane would be: 

H 11 II 

HC— C— CH 

H H II 

It is necessary therefore to consider only the 
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branched compounds, e.g.: 

1 2 3 

HiO — CH — CHa (2- methyl propane) 

CH* 

To put the idea another way. it is a derivative of 
propane, not of methane. A certain pentane, for 
example, was once known as isopentane. Its struc- 
ture is : 

12 3 1 

OIL CH -CH- (MIi 

l 

CHa 

It is now named in accordance with the system 
2-methyl butane. The 4 carbons in a straight line 
give rise to the name butane and the side group is 
attached the second carbon atom in the chain. 
Another pentane has the structure 

CHa 

I 

11*0 — C — CH* 

i 

CHa 

and was once named tetramethyl pentane. Under 
the Geneva System it is named in terms of 2 methyl 
groups being joined to carbon number 2 in a pro 
pane chain. It is thus 2,2-dimethyl propane. 

Av “x^mple irom the hexanes (CMIm) can ne 
suulcd as follows. It could be called (old name) 
tetramethyl ethane: 

12 3 4 

11,0 -CH — CH — CH* 

! ! 

CHa CHa 

Its name is actually 2,3-dimethvl butane. 

Some special recommendations which follow 
and extend the Geneva System defines the use of 
certain syllables. 

Open-chain hydrocarbons with one double bond 
should end in -enr. 

Open-chain hydrocarbons with two double 
bonds should end in -diene. 

Their names would now be alkeUes, and alka- 
dienes. Triple bond compounds end in -yne and 
-diyne. It is important to note that propane is a 
change from the Geneva System, which would call 
the same compound called proptne . It is suggested 
that acetylene will probably never become ethyne, 
but to illustrate the application and practice 
applied to higher hydrocarbons these examples 
will be instructive: 

12 3 

HCsC — CH, propyno 

12 3 4 

HC=C— CH,— CH, 1 -bu tyne 

1 2 3 4 5 6 

H,C — C=C — C=C — CH, 2, 4-hexadiync 


Aromatic hydrocarbons should end in -ene, 
e.g., “phene” might be used in place of benzene. 

Alcohols are to be named by use of the hydro- 
carbon name with -ol as the characterizing syl- 
lable: phenol, from phene, and naphthol, from 
naphthalene. In order to extend this plan to poly- 
hydric alcohols, a syllabic such as Hi, tri , and 
tetra will be inserted between the name of the 
parent hydrocarbon and the suflix ol. 

CHo()HCH>OH 1 l 2-ethane///ol 

1 2 3 

C 1 1 > ( )HCH ( )11( ’Hat )1 1 1,2,3- propancl/'/ol 

The name mercaptan is to be discontinued and 
thiol used in its place. (MUSH is hcnzcnthiol. 

Sulfides, disulfides, sulfoxides and siilfones will 
be named like ethers, the oxy term being replaced 
with thin-, dithio-, suNinyl and sulfonyl. 

The acids are also named in accordance with the 
Geneva System. For a detailed discussion of the 
naming of acids the report on which this article 
is based should be consulted. 

F. A. (litnriTTs 

CrosM-refcrcnces: Chemical Terminology, For- 
mulas, Atoms, Molecules , Acids, liases 


CHEMICAL RESEARCH 

A continuing steady growth of chemical tech- 
nology requires a proper balance between funda- 
mental and applied research. The phenomenal 
growth of the industry during recent ‘"decades is 
certainly dramatic proof of the vitality of applied 
rcwarch during this period. A sustained growth in 
future decades will prove that our present funda- 
mental research effort also is adequate. 

There is a growing awareness on the part of in- 
dustry that the twentieth century economy was 
born with a valuable inheritance of well developed 
scientific understanding. In the field of chemistry 
proper, that is, molecular architect lire, tlx 1 basic 
laws of chemical reactions were quite well under- 
stood in terms of atoms and valence. Thermody- 
namics, the science which provides such powerful 
quantitative generalizations of myriads of chemi- 
cal observations, had been completely developed. 
Classical physics had also reached a stage of con- 
siderable maturity, although its important contri- 
butions to chemistry by way of quantum theory 
and wave mechanics were to come during the first 
quarter of the twentieth century. Industrial re- 
search as wre know it today did not exist, indeed, 
had not even been conceived. The w’ottl “research” 
needed no qualifying adjective such ps “basic” or 
“fundamental”, “developmental” or “applied” 
and “product ”, in order to explain what kind of re- 
search was meant. There was essentially only one 
kind of research, and this was what We now refer 
to as “pure” or “basic” or “fundamental”. 

The birth of modern industrial research, which 
is more inclined to applications, had necessarily to 
wait for pure research to reach a certain stage of 
maturity. It is being recognized, however, that the 
legacy of scientific understanding must constantly 
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be extended if continued huccckm in application 
research is to be expected. 

Fundamental research is essentially a matter of 
inquiring into nature. The motivation for this ac- 
tivity is only imperfectly understood, but it is 
primarily an intellectual pursuit. Unlike applied 
research, the reward being sought is attained 
through the ability to understand and explain 
natural phenomena. The interest centers on eluci 
dating the laws of nature, not on manipulating or 
exploiting them. Perhaps for this reason funda- 
mental research has sometimes been referred to as 
“pure”, presumably because of an emotional atti- 
tude on the part of those who use the term that is 
opposed to exploitive activity. 

Liebig has been credited with the statement 
that, “To one man science is a sacred goddess to 
whose service he is happy to devote his life; to 
another she is a cow who provides him with but- 
ter.*’ Value judgments of this kind are usually 
rejected as intellectual snobbery by present-day 
scientists, both fundamental and applied. Never- 
theless, the fact remains that the interests and 
motivations of those engaged in research vary 
enormously, and that these temperament factors 
more than anything' iXu determine whether an 
individual will center his interest in fundamental 
or applied research. In order to maintain an ade- 
quate supply of fundamental research scientists, 
it is necessary for society as a whole to appreciate 
and affirm the spirit of scientific investigation for 
its ow n sake. 

Prior to World War II the chemical industry in 
the I’.S. had already begun to recognize the neces- 
sity of making its own contributions to basic 
research rather than relying entirely upon the 
academic institutions, as had been done during 
the early part of the century. Du Pont, for exam- 
ple, pioneered in the chemistry of elastomers and 
polymers and quickly utilized the new learning to 
develop such products as neoprene and nylon. 
Characteristically, the relatively small amount of 
really new' learning thus acquired opened up a 
possibility for now applications of such magnitude 
that it has supported many years of intensive 
exploitation in the form of applied research. The 
significance of the words of Goethe, “He who ad- 
vances science may say to himself that he is laying 
the groundwork for unlimited results to come” 
becomes clear in the present age. 

With the outbreak of the seeond world war and 
thcr interruption of German scientific contribu- 
tions, the U. S. government verj' wisely recognized 
the need for large-scale sponsorship of scientific 
research. Naturally, much of the sponsored w f ork 
was “applied**, in the sense that it. was directed 
cither toward new weapons or products required 
by the wartime economy. Nevertheless, much 
fundamental work w r as also done, and for the first 
time in history the center of basic scientific in- 
vestigation shifted from Europe to America. 
Many of the dramatic wartime developments were 
founded upon basic European discoveries, such ns 
penicillin, DDT, polyethylene and the synthetic 
detergents. On the other hand, some of the syn- 
thetic rubbers and the whole of the complicated 


body of chemistry associated with the atomic 
energy development were almost entirely Ameri- 
can. 

It has often been said, on both sides of the At- 
lantic, that although the United States is the 
recognized leader in applied research, most of the 
fundamental research is contributed by European 
laboratories. This was undoubtedly true during 
the first half of the century, blit there is some 
reason for believing that it is no longer so. While 
the question is a very diffieult one to treat quanti- 
tatively, it may be reasonable to assume that the 
ratio of American to European Nobel Prize win- 
ners in physics and chemistry is a fair index of 
basic research activity. The percentage of Nobel 
Prizes in chemistry and physics awarded to Ameri- 
cans rose from 4.2% during the first decade to 9.1% 
during the third decade, and in tin* interval 1940- 
1950 mounted to 26.8%. This does not mean, how- 
ever, that the ratio of basic to applied research has 
undergone any such change within the United 
States, but perhaps only that the total research 
activity has increased at a much greater rate than 
in Europe. 

Another effect of the war was that a whole new 
methodology of research had to be developed be- 
cause of the necessity for haste. It was no longer 
feasible to depend upon the success of individual 
investigators; instead, teams were enroll raged to 
attack specific problems with definite objectives 
for each member of the team. This new, highly 
organized research method ha< been spectacularly 
successful in many eases, but probably not as 
economical of men and money as the more leisurely 
accomplishments of individuals. To some extent, 
the pattern developed by the government during 
the war is similar to the industrial research 
method which was already in the formative stage, 
but on a much larger scale. The just ifieat ion for it 
in a peacetime economy, for anything other than 
problems very close to application, may be ques 
tionable. 

At the conclusion of the second world war the 
contributions of scientific research had been so 
spectacular and had achieved such wide public 
recognition that the Federal government adopted 
a policy of continuing support on a broad basis. 
The Office of Naval Research was conspicuous 
among government agencies in the support of 
basic research, even though it might be entirely 
lacking in any forsccable applicat ion. The Atomic 
Energy Commission has also continued sponsor- 
ship of fundamental work, though in general the 
subject matter of the sponsored work has had a 
relation to matters of special interest to the 
A.E.C. Many of the other government agencies 
have also sponsored research, both chemical and 
physical, but in general it has been directed to 
specific problems. In the past few years, since the 
birth of the National Science Foundation, the 
ON It and oilier government agencies have been 
gradually withdrawing support of the more basic 
research and the National Science Foundation has 
in many cases been assuming these responsi- 
bilities. It is to be hoped that this far sighted 
policy will be maintained and strengthened in the 
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future. Sponsorship of only applied research by 
the government agencies tends to drain off talent 
from the basic science fields and may, in the long 
run, constitute a serious disservice to the nation. 

Basic research in chemistry very often crosses 
over into fields variously known as physical chem- 
istry, chemical physics or molecular physics. 
Thus, chemistry, the science, is in reality the 
physics of the extra-nuclear electrons of atoms 
and molecules. The elucidation of the Periodic 
Table of the elements with its many irregularities, 
the understanding of the various kinds of chemical 
bonds, and in fact all the nonempirical generaliza- 
tions of chemistry owe their existence to the 
atomic theory of Rutherford and Bohr. On the 
other hand, the earliest and, in many respects, 
most convincing evidence for the existence of 
atoms was provided by chemistry rather than 
physics. The empirical laws of definite proportions 
and multiple proportions led directly to the con- 
cept of atoms. It is also true that the whole elab- 
oration of structural chemistry occurred with rel- 
atively little aid from physics. Physics has not 
progressed sufficiently to be able to deal in any 
exact way with the complex molecular structures 
which are the everyday problems of organic chem- 
ists. Even in this field, however, the physical con- 
cepts derived from wave mechanics such as “res 
onance stabilization” and “hydrogen bond” are 
of great use to the chemist. Thus basic chemistry 
as a science merges with physics. Only in the ap- 
plicatioi of the science is there a complete diver- 
gence in the subject matter. 

Applied research has brought about astonishing 
changes in almost all fields of human activity dur- 
ing this century, and while it is impossible to sepa- 
rate out the importance of the contributions of 
the various sciences, chemistry has certainly 
accounted for a large part of the evolution. Agri- 
cultural productivity, for example, has been multi- 
plied enormously, partly because of the develop- 
ment of new machines, but also because of the 
availability of chemical fertilizers, insecticides, 
soil conditioners and plant growth regulators of 
various kinds which were unavailable and even 
unknown fifty years ago. Medicine has been as- 
sisted immeasurably by the many pharmaceutical 
preparations, the antibiotics, vitamins and hor- 
mones. These developments are in large part re- 
sponsible for increasing the life expectancy from 
48 years in 1900 to 68 years, which is the present 
figure for Americans. At the same time, the cost of 
these precious substances has been constantly de- 
creased by improved manufacturing processes. 

The textile industry has experienced a virtual 
revolution because of the introduction of many 
new synthetic fibers, most of which have come 
within the last twenty-five years. At present the 
quantity of chemical fiber consumed in the 
United States, including viscose rayon, is twice as 
great as the amount of sheeps’ wool. Perhaps 
equally important is the fact that entirely new 
properties are to be had in tjie synthetics which 
permit the development of new products and sub- 
stantial improvements in old ones. Produced as 
continuous sheet rather than fiber, many of the 
polymers are making revolutionary changes in 


methods of packaging and distributing food 
products and other materials. These changes, to- 
gether with the enormous improvements in trans- 
portation, have made it possible for the United 
States to surpass all other nations in the quality 
and selection of foods available everywhere in the 
country regardless of local climate or season. Tin* 
polymers have, of course, made enormous contri- 
butions to the fields of protective finishes and us 
paints and varnishes, iloor coverings, molded parts 
for appliances, automobiles and homes, and vir- 
tually every other industry. 

Simultaneous advances in the chemistry of dyes 
and pigments have kept pace with the textile and 
molded plastic revolution so that our products arc 
not only cheaper, but are also brighter and more 
colorful than ever before. Color in the graphic arts 
has reached a peak of perfection undreamed of in 
1900, and even the amateur photographer may 
enjoy the remarkable achievements of the color 
chemists. 

The profusion of new products is much too great 
to be enumerated, even by categories. Petroleum 
chemistry, as well as bringing us our modern fuels 
and lubricants, has made possible many of the 
excellent synthetic detergents, plastics and a host 
of other products. Silicone chemistry, still in its 
infancy, has already yielded improved water- 
proofing agents, electrical insulation materials, 
high temperature stable elastomers, as well as bet. 
ter waxes and finishes. New advances in extractive 
and process metallurgy have made available as in- 
dustrial materials metals which were only labora- 
tory curiosities a few years ago. The £tpid pro- 
liferation of new materials is exemplified by the 
fact that over 50% of the present, products of the 
du Pont Company have been developed within the 
last twenty -five years. 

Even though great progress has been made* in 
basic chemical research to date, there are still 
vast fields of chemistry for which little or no de- 
tailed understanding exists. Undoubtedly chem- 
ists of the future will not be content with the 
present state of knowledge in these areas. Vir- 
tually all organic chemical reactions proceed 
through the medium of free radicals and similar 
fragmentary molecules. Many of these substances 
have been detected spectroscopically and also 
chemically, and in some cases certain properties 
can be inferred, but in general very little is known 
of them. Catalysis, combustion, polymerization 
and all high-temperature reforming reactions must 
remain empirical until a better understanding is 
formed of free radicals and reaction mechanisms. 

Ever since the synthesis of urea by Wohler in 
1828 the fundamental distinction between “vital 
force” and “inert” chemicals has been constantly 
receding. And yet the synthesis of life itself, even 
the lowly life of a virus, continues to elude the 
chemist. Careful and ingenious investigations 
have elucidated certain portions of metabolic 
chemistry of remarkable complexity, but the 
chemistry of self -duplication is still unknown. 
Closely related to this is the chemistry of im- 
munology, cnzymology and heredity. 

The rapidly growing list of chemical elements 
which arc becoming available as industrial mate- 
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rials will certainly attract the attention of applied 
research chemists. Organic compounds, including 
polymers, containing metals such as titanium, 
zirconium, molybdenum and tungsten, to mention 
only a few, show promise of providing new and 
interesting products. The combinations are almost 
inexhaustible. So long as a proper balance is main- 
tained between basic and upplied research it would 
appear that we need never fear a scarcity of new 
developments, the life-blood of an ever expanding 
technology. 

Howard (). McMahon 


CHEMICAL TERMINOLOGY 

Modern chemical terminology is a complex pat- 
tern, the resultant of three major influences and 
several lesser factors. The primeval influence is 
the age-old human habit of naming things from 
ready- to -hand materials, or from some appeal to 
one of the five senses, or from primitive civiliza- 
tion’s four elements (earth, air, fire, water), etc. 
Next in time comes the even more haphazard prac- 
tice of introducing words into terminology, espe- 
cially in the process industries, which accumulate 
into the “jargon” of the industry. Latest in time, 
and the only systematized major influence, is 
standardization of nomenclature, symbols and 
abbreviations by committees and commissions. 

Among the tributary factors are the introduc- 
tion of proper names (usually of discoverers or 
places) into the language; the tradition that dis- 
coverers (especially of elements) are entitled to 
mime the discovery; and unabashed borrowing of 
terms from foreign languages (probably English 
now' contributes more than it takes). 

Just as primitive man used stones, wood, animal 
hides, bones, and fire to make what he needed, so 
the alchemists used whatever was handy in their 
experiments. Thus we have many chemical names 
with nearly forgotten origins, rooted in Latin, 
Greek or Arabie names of common products. Often 
the chemical has no apparent resemblance to the 
parent, product; thus, formaldehyde is not remi- 
niscent of formica (ant) (though formic acid is), 
and chloroform has almost lost the connection. 
Other common stems arc acct- C ncctum , vinegar); 
amyl ( arnylum , starch); vinyl ( rinum , wine); but- 
.( butyrum , butter); lact- {betas, of milk); sacchar- 
( Arabic sukkar , Latin snccharum , sugar); oleo- 
(olqum, oil); lipo- ( lipos , fat). 

Responses to the senses contribute many stems, 
e.g. glye-, glue- ( glykos , sweet); oxy- ( oxys , sour); 
acrvl, acrol- ( acer , sharp and olere , smell) ; (e)inuls- 
( mulsus , soft); aur- (aura, glow, and aurum , gold); 
phon- (phone, sound). Color has been especially 
prolific, e.g. with leuco- (hukos, white); melan- 
(melanos, black); chrys- ( chryseos , golden); 
erythro- ( erythros . red); chlor- ( chloros , green); 
cyano- ( kyanos , blue); porph- (porphyros, purple). 

The most recent of the major influences, stand- 
ardization of nomenclature, terminology, symbols 
and abbreviations by agreement, has single- 
industry, single-society, national and inter- 
national facets. Trade associations and scientific 
societies have their committees (ACS and its 


divisions have several) ; the standards associations 
(American Society for Testing Materials, Ameri- 
can Standards Association, International Stand- 
ards Association, and numerous national so- 
cieties) all participate; and the International 
Union of Pure and Applied Chemistry (IUPAC) is 
particularly active in working for better nomen- 
clature. 

These efforts are not new; rapid developments 
in discovery and synthesis of new compounds in 
the middle and late 1800\s led to tremendous con- 
fusion, and earnest efforts at agreement among 
chemists. In 1892 these efforts culminated in the 
Geneva Congress, where the base of nomenclature 
now known as the Geneva System was proposed. 
This was ultimately hammered into the form 
which is still the foundation of IUPAC nomen- 
clature although there arc now many differences 
in detail. 

The traditional right of discoverers to name ele- 
ments has been largely responsible for the several 
instances of two or more names persisting (some- 
times until sctiied by international agreement) 
for the same element . Examples are Ch-Nb, Gl-Be, 
11- Pm, Cp-Lii, Ct-llf, Ab-At, Ma-Tc, AcK-Vi-Fr, 
Em-Xt-Rn. 

Borrowing from foreign languages is an old game 
with lines crisscrossing in all directions. As a few 
of many acquisitions in E.nglish we have caou tchouc 
from Tiipi via French; bismuth, rnbalt, niekcl and 
zinc from German; camouflage from French; alcohol 
and alkali from Arabic; whisky from Celtic; kaolin 
and ginseng from Chinese; brandy and pickle from 
Dutch; granite, lava and stucco from Italian; 
gingko , sake and soy from Japanese; cider from 
Hebrew; guttapercha and sago from Malay; borax , 
lemon, time , orange, mask, pistachio and rice from 
Persian; marmalade and molasses from Portuguese; 
chernozem and podsol from Russian; rhaalnwogra 
and khaki from Sanscrit; slag, tangsten, flake and 
egg from Kcandinax ian; rork and sherry from Span- 
ish; and as a prize example, rcmacadamizing from 
re (Latin), mar (Celtic), Adam (Hebrew), iz 
(Greek), and ing (Anglo-Saxon). 

Symbols, chiefly chemical and mathematical, 
and abbreviat ions are extremely important factors 
in chemical terminology. Symbols have had many 
origins, often whimsical, and often one concept 
has had several symbols, or one symbol served for 
several concepts. Some of these overlaps have been 
clarified by agreements, often international; some 
survive to this day. Abbreviations, though sup- 
posedly based directly on the parent terms, some- 
times take peculiar forms. This is especially true 
in shifts from language to language, as in lb. for 
pound and oz. for ounce. Agreements have not yet 
eliminated all the confusion between g. and gr. 
for gram and grain. But progress has been made 
and the situation continues to improve. 

Along with the symbols and abbreviations go 
the chemical notation systems, which combine 
both. Among the pioneers in this field is Dyson 
with his system for organic compounds. A com- 
mittee was appointed by ACS to cooperate with 
IUPAC in comparative studies looking to adop- 
tion of a single system, and the National Research 
Council in Washington also made a survey of 
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systems. None has been officially approved by 
IUPAC (1950). 

Literature. Foremost among the reference works 
used in preparing this discussion is Roland Wilbur 
Brown’s “Composition of Scientific Words” (pub- 
lished by the author, V. S. National Musuein, 
Washington, 1954). Others to which readers are 
referred for more detailed information are the 
following, selected partly for direct reference and 
partly as guides to the voluminous literature: 

A. General terminology. 

1. Haekh’s Chemical Dictionary, Ed. 3 (re- 
vised by Julius (irant), Blakiston, New 
York, 1953. 

2. Condensed Chemical Dictionary, Francis 
M. Turner, editor; Ed. 5, (revised by Arthur 
and Elizabeth Hose), Keinhold, New York, 
1956. 

3. Webster’s New international Dictionary, 
Ed. 2, G. and C. Merriam, Springfield, 
Mass. 

4. Dictionaries and Grammars in 125 Lan- 
guages Including Scientific and Technical 
Dictionaries, Stechert-Hafner, New York, 
1955. 

B. Chemical nomenclature. 

1. Naming and Indexing of Chemical Com- 
pounds by Chemical Abstracts. (Introduc- 
tion to the 1945 Subject Index). Issued by 
(domical Abstracts , Columbus, Ohio, 1946. 

2. E. J. Crane, Standardization of Chemical 
Nomenclature (reprint, 1931, available from 
Chemical Abstracts ; bibliography to 1931). 

3. Rules for Naming Inorganic Compounds 
(International Union Report for 1940), 
available from Chemical Abstracts. • 

C. Notation systems. 

1. G. Malcolm Dyson, New Notation and Enu- 
meration System for Organic Compounds, 
Ed. 2, Longmans, Green, New York, 1919. 

2. Which Notation? (review), ('hem. Eng. 
News , 33, 2838 -43 (1955). 

Jtlian F. Smith 

Cross-references: Chemical Nomenclature 


CHEMICAL TESTING 

Basically, the science of chemistry depends upon 
the testing and analysis of materials. What is a 
material? Is it. suitable for some specific purpose? 
Can it- be made in a different form? Or can other 
materials be made from it? These and many other 
questions can only be answered after one or many 
chemical tests. There is essentially no difference 
between the work of analysis done in the chemical 
laboratory of a university and that done in a com- 
mercial testing or an industrial laboratory. Per- 
haps the work of the latter is geared to economic 
cost rather more than university work, though this 
distinction is not clear cut and cannot always be 
made. 


Very broadly, most analysis cun lie classified 
as (a) specification and control; (h) general and 
miscellaneous; (c) research. 

Specification and Control. Does a product 
meet certain requirements? Are all things present 
in the correct proportion? Specific tests must be 
made to find out and so control the manufacturing 
process. The tests employed are usually stream- 
lined to produce just the desired result with no 
more and no less than the necessary accuracy. 
Any method that will quickly and cheaply give 
this answer nmy be used. Industries have united 
to back organizations that publish specifications 
and methods of test used by these industries. The 
American Society for Testing Materials (A.S.T.M.) 
is an outstanding example of this concerted effort . 
Among other standard methods are those pub- 
lished by the Association of Official Agricultural 
Chemists (A.O.A.C.), the American Oil Chemists 
Society (A.O.C.S.), the American Petroleum In- 
stitute (A.P.I.), the Technical Association of the 
Pulp and Paper Industry (T.A.P.P.L). The 
United States Pharmacopoeia (U.S.P.), the Na- 
tional Formulary (N.F.) and Federal Specifica- 
tions also publish standard tests. 

General and Miscellaneous. A large part of 
the work carried out in the analytical laboratories 
of a commercial testing firm or of an industry 
comes under this category. It answers such ques- 
tions as, Is a competitor's product as good as ours? 
What is wrong with this material? Does this reac- 
tion show promise? Has what- we set out to do 
really taken place? All answers to such inquiries 
are solved in these laboratories. 

Research. This embraces a wide field. New 
products are dependent on chemical analysis for 
their existence, especially so in these days of 
rapidly multiplying new' drugs, new types of 
metals for automotive products and anti-corrosive 
use, materials for building and the many products 
that are raising our standard of living. All are 
based on research backed up by analysis. Special 
laboratories are often set apart for research in 
methods of analysis. This work may not always 
show immediate results in terms of economical 
operation, but will almost invariably do so in the 
long run. Laborat ories of a national character such 
as the Mellon Institute of Industrial Research in 
Pittsburgh, Pa., have been established for funda- 
mental research in basic industries. 

Methods of Analysis. These ran be divided 
* 4 into two categories: (1) Classical or wet methods 
and (2) Instrumental methods. 

Classical methods. Depending upon the specific 
chemical properties of the elements and their 
compounds, a large body of methods have been 
proposed and refined after much stuefy until spe- 
cific tests and determinations are made, using 
traditional “beaker and solution” methods, for 
specific purposes. These methods are, in general, 
of utmost value and w'ill not readily be replaced. 
They are the methods upon which All chemical 
analyses are based and to which they are referred. 
Analyses made using macromethods usually com- 
prise the majority of determinations. Micro- 
methods in which special technic and apparatus 
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are employed, and spot tests, whereby very small 
quantities of substances normally in solution are 
reacted to give specific results also find much use. 
A combination of these three types of methods 
may be used in one analysis. 

Instrumental methods. Sometimes an instru- 
mental method alone will give the desired infor- 
mation: un oil may be identified with infrared 
equipment. On the other hand, in many cases 
these methods are part of a normal chemical 
analysis aud must include much chemical prepa- 
ration and final chemical interpretation. Using 
equipment, that can detect aud measure significant 
physical phenomena, generally x-rays, ultravio- 
let, visible and infrared rays, much data can be 
obtained that would not be available otherwise. 
Electrical behavior of soldi ions is made to produce 
useful qualitative and quantitative data. Radio- 
chemical methods are included in this category. 
They depend largely upon spontaneous emission 
of rays-- usually gamma rays from radioactive 
materials and isotopes. 

This branch of analysis has recently grown 
rapidly, keeping pace with the ability of manu- 
facturers to produce more sensitive instruments 
for detecting all types of radiation and electrical 
phenomena, it is important to note that such in- 
st ruments are calibrated against accurate classical 
“wet” analysis. 

T> picul ,\iial> tical Procedure. Sampling . The 
most meticulous analysis is of no use if a proper 
sample i* not u-cd. This first step is of the utmost 
importance. Methods of sampling vary with gases, 
liquids, and solid*. Standard methods of sampling 
are often available, o.g., the A.S.T.M. method for 
sampling coal. 

Preliminary examination . If the sample com- 
position is unknown, well directed qualitative 
tests will save much subsequent work. Appear- 
ance, odor as is and on heating, flame tests for 
characteristic color indicating certain metallic 
elements, acidity or alkalinity using a pH meter 
or universal indicators, liquid or paper; effect of 
acidification (a gas may be evolved, with or with- 
out an odor), quick spot tests and tests for 
anions- all can usually be performed in a rela- 
tively short time and will normally characterize 
the substance. 

Choice of method. Assuming (he general composi- 
tion to be known, the best method of analysis must 
then be thought out. In many cases, a number of 
determinations may be made on one sample after 
appropriate preparation. A careful choice in the 
use of methods must be employed. 

Interpretation und Presentation of Results. 
Results should be expressed only to the desired 
significance and should not be made to appear 
more accurate than they are. Very small amounts 
are normally expressed as parts per million (ppm). 
When gases or liquids are analyzed it is necessary 
to definitely express results as by weight or by 
volume. Good work necessitates good mathemati- 
cal interpretation. Particularly in repetitive 
anntysiM when many samples are dealt with, the 
use of statistical methods can both indicate the 
precision of the analytical method and also the 


minimum number of samples it will be necessary 
to analyze from a batch to know whether or not 
the whole batch falls within set specifications. 

Fhanko M. Riffen 
Cross -references : Analytical Chemistry; Expos- 
ure Tenting 


CHEMICAL WARFARE 

Chemical warfare is the term used to describe 
the direct action of chemicals as weapons. The 
chemical is used not as an explosive to propel pro- 
jectiles, but to cause casualties itself directly by 
irritation, burning, asphyxiation or poisoning, to 
contaminate ground, to screen or to decrease an 
enemy’s fire power by smoke, and to damage by 
incendiary effect . 

Most chemical combat substances are liquids or 
solids. Some are fired in shells or bombs which ex- 
plode and disperse the chemical in drops or as 
aerosols. Some are vaporized by heat within a 
container. Otln is are carried in tanks on airplanes 
and released to fall as a spray or dust. A few that 
are very volatile can he released directly from 
pressure cylinders to form a cloud carried by the 
wind. 

For every offense there is a countermeasure. 
Within a few days after the first attack with chlo- 
rine by the Germans (April 22, 1915) troops were 
issued gauze pads and soda solution to hold over 
mouth and nose. Next came cloth helmets impreg- 
nated with chemicals to neutralize chlorine and 
phosgene. Then came box respirators with tight- 
fitting face masks attached to canisters of absorb- 
ents by tubes or directly. Today the principal ad- 
sorbent is activated, impregnated charcoal. The 
arsenical smokes caused addition of a mechanical 
filter. At first this was a layer of towelling; later 
felt was used, and then special cellulose filters 
were developed which surround the container in 
which the adsorbent is carried. When mustard gas 
was introduced it became necessary to dress the 
soldier in impermeable clothing and boots. Follow- 
ing World War 1 the rnitedStat.es Army developed 
a compound called impregnite which makes cloth 
safe against mustard vapor. In World War II a uni- 
form impregnated with this chemical was available 
for each soldier in case of gas warfare. 

Research in chemical warfare continues. Today 
the nerve gases appear to hold first importance. 
Although atomic weapons have diverted the pub- 
lic from much thought about gas warfare, the 
threat of chemical attack in any future war is 
great. Large scale gas attack on cities has never 
been attempted. The fact that it is effective, very 
much cheaper than atomic attack and can be 
accomplished without destruction of the target 
may lead an enemy to use gas instead of atomic 
explosives. The existence of such effective agents 
makes surprise attack on civil populations a very 
serious threat. 

Biological warfare is defined as the intentional 
use of living organisms or their toxins to injure 
man, animals or crops. It is considered practicable 
and constitutes a definite threat in war. As a re- 
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suit of preliminary studies and intelligence reports 
the U. S. Chemical Warfare Service was di rected in 
November, 1942, to conduct necessary research 
and formulate defensive and offensive measures. 
Small amounts of agent, may cause great damage. 
It can be developed and produced in small labora- 
tories and plants so that its production would he 
difficult to detect. Most scientists agree that epi- 
demics cannot be created intentionally. Biological 
warfare does not require that an agent he able to 
create an epidemic to be useful as a weapon. The 
number of biological agents that may be useful in 
war is not large. Research efforts are directed 
toward protective measures and methods of dis- 
seminating fragile and delicate biological ma- 
terials. The United States is not unprepared to 
cope with an attack of this nature. Biological war- 
fare has never been used by the United States. 

It has been recognized that radiation may be 
used as a weapon aside from its connection with 
the atomic explosion. Radioactive materials ob- 
tained in the production of fissionable products 
might be disseminated deliberately as clouds or 
dusts to cause casualties. This could be done 
without causing destruction of buildings and in- 
dustrial plants. 

Glassification of Agents. The three main 
groups of chemical agents are gases, smokes, and 
incendiaries. A war gas is defined as a toxic or 
irritating chemical used for its effect on personnel. 
A screening smoke is one used to deny observation 
or reduce effectiveness of aimed fire. A signaling 
smoke, generally colored, is used to convey a 
message. An incendiary is used to ignite combus- 
tible material or cause casualties. The normal 
physical state of an agent determines to some ex- 
tent its tactical use, persistency, physiological 
action and type of munition in which it. may be 
used. 

The concentration of an agent is the amount 
present in a unit volume of air at the target, gen- 
erally expressed in milligrams per cubic meter. 
Agents are classified as to physical state, tactical 
use, physiological action and persistency. 

According to tactical use a war gas may he a 
casualty or a harassing agent. A casualty gas has 
such characteristics that a dangerous concen- 
tration can be set up on the battle field. A harass- 
ing gas on the other hand is one like a tear gas 
which in very small concentration will force 
masking and slow operations. The tactical classi- 
fication also includes smokes and incendiaries. 

Gases. The war gases are divided as to physio- 
logical effect into six classes : (1) the choking gases, 
which attack the respiratory tract; (2) the blister 
gases which inflame and cause general destruction 
of tissue of body surface and interior; (3) the blood 
gases which, when absorbed into the body by 
breathing, swallowing or through the skin, affect 
body functions by their action on the blood; (4) 
the nerve gases, absorbed in the same ways , affect 
by their action on nerve structure; (6) vomiting 
gases cause nausea, sneezing, and intense pain in 
head ; (8) the tear gases (lachrymators) . 

If the concentration of an agent remaining on a 
target is sufficient after ten minutes to require 
protection of any kind the substance is termed 


persistent. A moderately persistent agent is effec- 
tive from ten minutes to 12 hours and a highly 
persistent more than 12 hours. An agent effective 
for less than ten minutes is nonpersistent. 

There are ten requirements for a theoretically 
ideal war gas. It must be: (1) effective in low con- 
centrations; (2) unreactive, and so not easily 
destroyed; (3) easily manufactured in large 
quantities; (4) composed of easily procurable raw 
materials; (5) cheap; (6) easy to transport; (7) 
stable on storage and against shock of explosion; 
(8) heavier than air; (9) effective against, all parts 
of the body; (10) not easily detected. Kvery war 
gas should combine the first, five attributes. 

A choking gas must be so volatile or easily dis- 
persed that an effective concentration may be 
produced before a man can mask and so powerful 
that one or two breaths will cause a casualty. The 
typical choking gas is phosgene ((VI), carbonyl 
chloride. When breathed in low concentrations it 
may not he immediately irritating. It is cumu- 
lative in its effects. Symptoms are coughing and 
choking, then hurried shallow breathing and some- 
times vomiting, followed by severe chest pain am! 
cyanrfcis, with red bloated face, or with grayish 
pallor indicating failing circulation. Sometimes 
there is a delay of several hours before effects are 
felt. 

Pure phosgene is a clear colorless volatile liquid 
which boils at 47°F. If seen at all in the field it 
would appear as a mist or fog. Some describe the 
odor as like new mown hay, others as green corn. 
The vapor density compared to air 3.4, an it will 
flow into low places where men usually seek refuge. 
It is nonpersistent, relatively stable Tind not 
rapidly hydrolyzed under favorable field condi- 
tion*. As it combines with alkalies, soda lime 
has been used in the gas mask canister as a phos- 
gene absorbent. 

Other choking gases are chlorine (no longer 
used), diphosgene anil chloropicrin. Diphosgene 
(DP), trichlormethylchloroformate, is a colorless 
liquid of low volatility which boils at 262°F and is 
moderately persistent. It smells like phosgene but. 
can be distinguished by a marked tear gas effect. 
Symptoms are like phosgene. It may be used in 
shells or bombs. Chloropicrin (PS), a colorless 
liquid with sweetish odor and intense tear gas 
effect, would only be used because it is not. easily 
absorbed and a superior gas mask is required for 
protection against strong concentrations. 

The typical blister gas or vesicant is mustard, 
which was the most effective of all the gases of 
World War I and is still the standard vifh which 
war gases are compared. Mustard gas (IIS) fdi- 
chloroethylsulfide) was called Yperite by the 
French and Lost or Yellow Cross by the Gormans. 
In the pure state it is a heavy colorless liquid with 
slight, garlic or horseradish odor am} very low 
volatility. It hydrolyzes very slowly and freezes at 
68°F. Although not useful for vapor effect in cold 
weather it is still valuable for contaminating 
ground. It is very effective in extremely small 
concentrations. Mustard is very stable over long 
periods and may be fired in shells containing con- 
siderable explosive. It dissolves in most of the 
hydrocarbons. It will penetrate rubber. It is do- 
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strayed by bleach, the chlorumides, and other 
organic chlorine compounds which are used to 
decontaminate mustardizcd surfaces and ma- 
terials. Strong soaps will destroy weak concen- 
trations on skin and clothing. 

Mustard attacks the skin and all parts of the 
body. It is a powerful lung irritant . Inhalation of 
small amounts causes inflammation of the bron- 
chial tubes with destruction of the mucous lining 
and development of severe bronchial pneumonia. 
No immediate pain results from contact with the 
agent and casualties generally develop slowly. The 
eyes may be affected on long exposures by concen- 
trations as low as one part in 14,000,000 of air, 
well below the concentration that can be detected 
by odor. Burns have been caused by contact with 
ground contaminated with such small amounts 
that no odor could be detected. Action is cumu- 
lative. It is highly persistent, lasting in summer 
from three days to a week and in winter up to 
several weeks. Mustard may be used in land mines, 
as an airplane spray, in bombs, shell and rockets. 
It is classified tactically as a delayed action 
casualty gas. 

There are several blister gases (vesicants) of 
varying effect iveijniw. Lewisite (L) (betachlor- 
vinyldicliloronrsinc), produced by the United 
States in 1018 but not used, is a highly toxic and 
irritating compound. It is doubtful in value since 
it hydrolyzes rapidly. The Germans used ethvldi- 
chloroarsine (El)) called “dick’ 1 with much ef- 
fectiveness. Moderately persistent, it is useful in 
offensive actions where friendly troops may wish 
to occupy ground a few hours after it has been 
fired. It is a liquid with a fruity irritating odor. 
Met hyldichloroarsine (MI)) has been studied by 
both Americans and (Germans but not used in war. 
It is a highly irritating odorless liquid. The nitro 
gen mustards are a group of related compounds in 
which nitrogen is the central atom instead of 
sulfur. They range from liquids to low-melting 
solids, are odorless or have faint fishy odor, and 
are less vesicant than mustard. Their effect on the 
respiratory tract is severe. They are persistent 
delayed action casualty gases. 

The blood gases are represented by hydrogen 
cyanide ami cyanogen chloride. The French used 
hydrogen cyanide (ITCN) under the name of 
Vincennite during World War I. Used in artillery 
.shells, it *as not satisfactory since it is not cumu- 
lative and large concentrations must be delivered 
in a short time to be effective. Released from large 
projectors or bombs it might prove useful. It is a 
nonpersistent quick-acting casualty agent. Cyano- 
gen chloride (CK) was also used by the French, 
who stabilized it with arsenic trichloride and 
called the mixture “vitritc”. It has a moderate 
tear gas effect and acts on blood and nerves, but it 
is not of great importance. It might be used to 
penetrate the gas mask canister. 

The most important war gases to result from 
World War II research are the “nerve gases” de- 
veloped by the Germans. They manufactured large 
amounts of one which they called “Tabun”, and 
loaded into glass-lined bombs and shell. They had 
tw r o others “Sarin” and “Soman” which they 
were about to produce as the war ended. All three 


are organic phosphorus compounds with the gen- 
eral formula: 
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The nerve gases are colorless liquids which are 
odorless, tasteless and very difficult to detect until 
they have done their damage. They vaporize 
readily, act rapidly, and affect entire body; death 
usually occurs within 15 minutes after a fatal 
amount has been absorbed. 

The action of the nerve gases depends on their 
extraordinary ability to inactivate the enzyme 
cholinesterase located in nerve and certain im- 
portant body tissues. This enzyme is present in 
the body to prevent the accumulation of acetyl- 
choline produced normally in certain body func- 
tions. Excess acetylcholine causes abnormal 
functioning of the nervous system, as for example 
by paralysis of the nerves that control respiration. 
The nerve gases all react- with and thus inactivate 
the vital cholinesterase and dangerous accumu- 
lation of acetylcholine results quickly. If a victim 
can be treated quickly with atropine the effects of 
the acetylcholine arc counteracted and recovery 
follows. 

Nerve gases when inhaled eause nausea, diar- 
rhea, and frequently convulsions. Low concen- 
trations cause contraction of pupils of the eyes. 
The liquid penetrates the skin rapidly and poisons 
the body, Penetration is even quicker through 
eyes and mucous membranes. Contraction of the 
pupils is a warning sign. Protection requires an 
absolutely tight gasmask and complete set of im- 
pel meable clothing. Nerve gas is classed as a 
quick-acting, noi.jv rsistent, casualty gas. It ma 3 r 
be final in shell ami bombs or sprayed from air- 
planes. (See Nerve Gases). 

The vomiting gases were developed in World 
War I to penetrate the mask and eause its re- 
moval. Now they are used only for mob control. 
All are compounds of arsenic, and arc generally 
solids dispersed in aerosol form by heat in smoke 
candles or grenades. The German Blue Cross, 
diphenylehloroarsine (DA) fired in grenades, 
shells, and candles when breathed in very small 
amounts caused immediate sneezing, then nausea 
and headache. Diphenylaminechloroarsine (DM) 
called Adamsito after its discoverer, Dr. Roger 
Adams, was produced just as W r orld War l was 
ending. When dispersed from candles by the heat 
of burning of smokeless powder it forms a bright 
yellow cloud and has the same effects as DA lasting 
from 30 minutes to several hours. DM is easier to 
produce than DA. Diphenylcyanarsine (DC 1 ) was 
introduced by the Germans in May, BUS, as an 
improvement on DA and was manufactured by 
the Japanese although not used by them in World 
War II. All are classified as nonpersistent harass- 
ing agents. 

The tear gases represent a large class of irri- 
tating compounds useful for training and for con- 
trol of civil disturbances. They have little use in 
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war. Chloroacetophenone is the standard Ameri- 
can tear gas. It is a solid vaporized by heat in 
grenades or candles or dispersed as a spray when 
dissolved in chloropicrin (CNS), chloroform 
(CNC) or benzene (CNB), or mixed with explosive 
in shells or bombs. It has an odor likened to that 
of locust or apple blossoms. During World War l 
many tear gases were used. Among them were 
brombenzyleyanide (11BC) and ethyliodoacetate 
(SK) of the British, and the German T-Stoff, 
xylyl and benzyl bromide, and IT-StolT a bromi- 
nated methyl ethyl ketone. 

No war gases were used in the western war the- 
aters during World War II, but the Japanese used 
mustard gas against the Chinese in 11)41. The 
Italians sprayed mustard from airplanes on unpro- 
tected Abyssinian tribesmen during the Italo- 
Abvssinian war and the attacks were so successful 
that the war was ended in a much shorter time 
than if gas had not been used. 

Smokes. Smoke has proved to be a most im- 
portant chemical agent since its modern develop- 
ment in World War I. It has become a normal 
military tool in defense and attack to conceal 
movement of troops, to decrease effectiveness of 
aimed fire, to screen harbors, shipping, and naval 
maneuvers, and to obscure cities and prevent 
aimed bombardment. It has been determined also 
that, smoke clouds will reduce the effect of heat 
from atomic explosion. 

Import mt smoke agents are FS, a mixture of 
sulfuric viihydride and chlorosulfonic acid; FM, 
titanium tetrachloride; IIC, a mixture of hexa- 
chloroethane, aluminum, and zinc oxide; WP, 
white phosphorus; and SGF, smoke generator fog. 
FS and FM are used in shells and bombs mid 
sprayed from airplane tanks. The agent combines 
with water vapor in the air to form a dense white 
cloud. IK' bums in candles or grenades to'vield a 
white cloud, largely zinc chloride and aluminum 
oxide. WP, a standard tilling for bombs, shell and 
grenades, burns to form a white cloud of phos- 
phoric acid and is an excellent casualty agent, as 
well as smoke producer and incendiary. Most 
effective for screening large fixed installations, 
the mechanical smoke generator produces clouds 
of minute oil particles which screen effectively for 
long periods over great distances. The cloud is 
produced by atomizing and vaporizing SGF, a 
petroleum oil, wdth small amounts of water. 

Incendiaries. Prior to W T orld War II the United 
Slates had not developed incendiary bombs. It 
was not until the effectiveness of the German in- 
cendiary attacks with magnesium bombs on 
England was demonstrated during the Hattie of 
Briluin that development and manufacture was 
finally authorized. By the end of 1945 the incendi- 
ary bomb had proved to be the most efficient 
munition used. 

Thermate bombs (small cylindrical steel casings 
containing a mixture of iron oxide and aluminum) 
were hastily produced in time for the successful 
Doolittle raid on Tokyo, April, 1942. This was the 
first use of incendiary bombs in an important 
attack by the IJ. S. Air Force. The thermate burns 
to form white-hot iron (4,000°F). Four-pound 
magnesium bombs with a core of thermate to ig- 


nite the body, an alloy of magnesium, aluminum 
and zinc, soon followed. Small magnesium bombs 
are clustered in large bundles which open at a pre- 
determined altitude to fall on the target in an 
effective pattern. Of equal importance are the oil 
incendiaries. These are thin steel casings or even 
tanks tilled with gasoline, or various blends of 
motor fuel, generally thickened with napulm or 
metallic soap, rubber, or other material to de- 
crease speed of burning, improve pattern of the 
burst and cause fuel to stick to surfaces. Oil bombs 
are used clustered in small and medium sizes and 
as large single bombs. Flame bombs are droppable 
fuel tanks equipped with an igniter, and used 
generally against personnel. Flame throwers, of 
little use in World War I, proved very successful 
in World War II. Thickened fuel gave greater 
range and better control of the flame. 

Ai.dhn II. Waitt 
G ross- references : Carbon (Activated), Aerosol a, 
Toxicology , Noxious Cases, Ne.rre Coses 


CHEMISORPTION see ADSORPTION, CATALYSIS 
CHEMISTRY, HISTORY 

There are five periods in the history of chem- 
istry. The ancient period comprising the older 
civilizations of China, India, Egypt, Greece, and 
their contemporaries to 350 A. I). developed prae 
tical arts as in Egypt, and a philosophical ap- 
proach to the study of matter as in Greece, where 
a theory of numbers, an atomic tlieo^-, and a 
theory of five elements, earth, air. fire, water and 
the quintessence were proposed. The alchemical 
period (350 1500), of which the principal goals 
were an elixir of life and the philosopher’s stone 
by which base metals could be (‘hanged to gold, 
introduced pure substances and improved tech 
niques. lat roehemists ( 1500-lti50'i devoted their 
chemical pursuits to alleviation of disease. During 
the phlogiston period (1650-1774) men postulated 
a hypothet ical matter whose presence was required 
for combustion and calcination. (Iain in weight by 
calcination of metals lead to a search for a very 
light material and subsequent discovery of gases, 
one of which was oxygen, and the answer to the 
problem. This is the date when modern chemistry 
begins. 

When qualitative and (plant it alive analysis, the 
-wfirst fields of chemistry to be developed, had iden- 
tified enough pure substances, inorganic chemistry 
grew r in scope. Organic chemistry wa$ very little 
understood until 1828 when the synthesis of urea 
by Wohler proved clearly that the “^ital force** 
thought to be imperative to produce {compounds 
which occurred in living matter was Hot needed. 
Meanwhile reliable physical cheinicad measure- 
ments began w’ith the gas laws of Boyle (1660), 
Charles (1785), Gay-Lussac (1808), And Dalton 
(1807). Dalton s Atomic Theory (1807 ) t postulated 
after the Laws of the Conservation of Mass and 
Definite Proportions were tacitly assumed, stimu- 
lated the 19th century effort to determine accurate 
atomic weights, ideas for combination as ex- 
pressed in valence, and the studies of molecular 
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structure until the three-dimensional models 
appeared. 

Gradual determination of physical properties 
of the elements indicated a periodicity of property 
expressed by the Periodic Law which has with- 
stood 1 he onslaught of the discovery of the inert 
gases, the transuranic elements, and isotopes. 
The duties of the atoms, increased by a need to 
explain radiation and radioactivity, necessitated 
proposal and discovery of the subatomic particles 
which make up the nucleus and outer electrons of 
the atom. 

Twentieth century chemistry has narrowed into 
units such as instrumental analysis, biochemistry, 
chemical engineering, and colloids. Chemistry has 
progressed from an assembly of facts to a state- 
ment of laws, and thermodynamics of chemical 
reactions to a study of atomic structure. It is also 
an age of practical applications which, if not the 
product of an elixir, do contribute to an improved 
standard of living. Man has learned to surpass 
nature as he explores the methods by which living 
matter is produced. To create a better environ- 
ment, empirical studies of the past have been 
replaced by ail assurance that any type of matter 
inny be synthesized *tr analyzed with time and 
effort. 

Virginia Hartow 
Gross -references: Alchemy, Atoms, Gas Laws, 
Periodic Law 


CHEMOTHERAPY, see ANTIBIOTICS, PHARMACEUTICALS 
CHEMURGY 

('hemurgy is the linking of agricultural, scien- 
tific , and industrial efforts to improve active co- 
operation between these branches of a nation's 
economy for their mutual benefit. This definition, 
arrived at in 1952 by the executive committee of 
the National Farm Chcmurgic Council, is more 
inclusive than some previous definitions because of 
the expanded scope of the chcmurgic idea. The 
term “chemurgy" was first used in 1934, having 
been coined from the combination of two Greek 
words (chcmi ~ chemistry -+- ergon = work). The 
chief objectives of Farm Chemurgy can be listed 
under four heads: (11 new, nonfood uses for farm 
crops, their residues and byproducts; (2) new and 
profitable uses for previously unused plant ma- 
terials; (3) new crops that farmers may grow 
profitably; (4) more valuable uses for presently 
used crops through chcmurgic upgrading. The 
scope of chemurgy also includes the practical 
utilization of the products of the forest, the sea, 
and the desert as well as those of the farm. 

The farm chcmurgic movement was formally 
initiated May 7-8, 1935 when a group of indus- 
trialists, scientists and Agriculturalists met in 
Dearborn, Michigan with the primary objective 
of promoting research in the finding of new uses 
for those crops that at the time were being over- 
produced. A short time later this group became 
known as the National Farm Chemurgic Council, 
and in 1955 the name was changed to The Council 
for Agricultural and Chemical Research. This or- 
ganization sponsors the chcmurgic movement and 


publicizes current developments through national 
and regional meetings and its monthly publica- 
tion, Chcmurgic Digest. 

During the 1930's the emphasis often was more 
or less on the salvaging of industrial raw materials 
from those farm food crops of which there w r cre 
great surpluses. Now there is a growing realiza- 
tion, especially when considering the world at 
large, that there ought to be more concern about 
the ubility of agriculture to produce sufficient 
products in view 7 of the increasing population, 
raised living standards in many areas of the world, 
and the deterioration of the soil in many arcus. It 
is u proper function of chemurgy to promote all 
means of making world-wide agriculture, forestry 
and other biological resources as productive as 
possible in the needed food and chemurgic raw 
materials. It is important that land nowr used to 
produce commodities that are surplus both for 
food and profitable chemurgic use be planted to 
adaptable and profitable new crops which can be 
so used. 

The following are some selected topics chosen to 
illustrate the chemurgic idea. 

Our civilization requires enormous amounts of 
cellulose in the form of natural vegetable fibers, 
various kinds of paper, derived products, such as 
rayon and acetate rayon fibers, cellulose nitrate, 
acetate and other esters for protective coatings, 
plastics, and photographic films, and the more 
highly nitrated cellulose as an explosive. The 
derived products were originally prepared from 
cotton linters but now, except where high purity is 
required, such as in cellulose esters for photo- 
graphic film, they can be made from wood pulp 
that, is more highly purified than that, used for 
paper making. 

The chemurgic utilization of farm residues is 
often profitable when sufficient quantities of these 
materials can be conveniently collected at the 
factory. Satisfactory paper and paper board can 
be made from sugar cane bagasse and wheat straw. 
Wall board can be made by the compression of 
corn stalks and similar materials. Furfural, a vola- 
tile aldehyde, is made on a large scale by heating 
pentosan-eontai ning materials such as oat hulls, 
cotton seed hulls, corn cobs, etc. with dilute 
mineral acid. Furfural has many uses in the chemi- 
cal industry. It can be converted into both adipic 
acid and hexamethylencdiamine and the condensa- 
tion of these two chemicals with the elimination 
of water yields 06 nylon. 

As a possible new source of cellulose suitable for 
paper making, bamboo can be grown on marginal 
land in the southern states to jield six or seven 
times as much cellulose per acre per jear as a 
southern pine forest . 

Oilseeds are good new chemurgic crops for 
several reasons. Local production of oils liuving 
the various desired characteristics would make the 
country self sufficient in times of emergency. The 
meal left after removal of the oil is usually rich in 
proteins. Such meals, except a few such as castor 
and tung which contain toxic substances, arc good 
protein supplements for animal feed. The proteins 
are also used in the making of plastics and adhe- 
sive and in some eases vegetable protein fibers. 



CHLORATES 


236 


Certain oilseed crops are often well adapted to the 
soil when new crops are needed to replace those no 
longer practical. 

The introduction of the soybean into U. S. and 
its development into a major crop is one of the 
triumphs of chcmurgy. 

The growing of tung trees (Aleurites fordii) is an 
established industry in several of the Gulf states, 
but this does not satisfy the demand for the valu- 
able oil. Tung oil consists largely of glycerides of 
eleostearie acid having conjugate unsaturation, 
and is hence a drying oil which polymerizes 
readily. It is much desired for use in varnish. 

The castor plant (Iticinus communis) has been 
introduced into the U. S. Castor oil is largely a 
glyceride of ricinoleic acid. Its traditional medi- 
cal use is a very minor one. The oil can be con- 
verted into a good lubricant. Removal of the 
hydroxyl radicals together with hydrogen atoms 
yields dehydrated castor oil having conjugate 
unsaturation; hence it is a good drying oil. Ricin- 
oleic acid can be cleaved into undccylenic acid 
plus heptaldeliyde by pyrolysis or into sebacic acid 
plus 2-octanol by heating with alkali. These com- 
pounds are used as intermediates in making vari- 
ous tine chemicals including certain flavors and 
perfumes. 

Sesame ( Sesamum indicum) was one of the first 
oilseeds cultivated by man as a food. Efforts are 
being made to establish it as a new crop in U. S. 
In the usual sesame plant there is lack of uniform- 
ity of maturity and there is dehiscence which 
allows shattering of the seeds. Since manual har- 
vesting is practical only where labor is cheap, the 
above defects must be overcome without decrease 
in the yield or quality of the seeds by breeding so 
that mechanical harvesting is possible. Such de- 
sired new variety appears to have been produced. 
The oil is a high-grade nondrying oil . 

Safflower ( Carthamus tinrtorius) is another oil- 
seed introduced as a new source of drying oil. 

Pesticides, which include insecticides, fungi- 
cides, herbicides and rodenticides, are important 
because without them many agricultural and 
chemurgic projects could be rendered ineffective. 
The pesticides derived from plant materials are of 
special chcmurgic interest. 

Several of the antibiotics have been used to pro- 
tect plants against bacterial and fungus diseases. 

Red squill ( Urgtnea maritima) and strychnine 
from Strychnos spp. have long been used as rodenti- 
cides. 

The principal insecticides extracted from plants 
are: nicotine, nornicotine and anabasine from 
Nicotiana spp., anabasine also from Anabasis 
aphylla ; rotenone and related compounds from 
Derris , Lonchocarpus , Thephrosia and Mundulea 
spp.; pyrethrum from Chrysanthemum cinerariae- 
folium ; ryania from Ryania speciosa ; and sabadilla 
from Schoenocaulon officinale. Several insecticides 
are synthesized from constituents of turpentine or 
pine oil and some of the important ones of this 
type are toxaphene (a chlorinated camphene), 
Strobane (chlorinated terpenes) and isobornyl 
' thiocy anoacet ate . 

Pyrethrum is markedly synergized by certain 
compounds. Sesamin, a minor constituent of ses- 
ame oil was the first synergist discovered^ Re- 


cently sesamolin, another minor constituent of 
this oil, was found even more effective. Piperine, 
the alkaloid of black pepper, was also found ef- 
fective. All these natural synergists contain the 
methylenedioxyphenyl nucleus in their structures 
and this appears to be necessary for activity. Sev- 
eral effective synthetic synergists containing this 
nucleus are piperonyl butoxide, n propyl isome, 
n-octyl sulfoxide of isosafrole, and piperonyl 
cyclonene. Since the methylenedioxyphcnyl nu- 
cleus is not profitably synthesized, it is necessary 
to rely on plant sources for this portion of the 
molecule. Safrole from the high boiling fraction 
of camphor oil or from the oil of Ocotra cymbarum 
is the starting material used. 

It is remarkable that all of our major crops and 
most of our minor crops ivere brought into use in 
prehistoric times. Chemttrgir opportunities exist 
for finding uses for those plants which are now use- 
less as may be seen from the following examples. 
The creosote bush (Larrca divaricata Cuv.), a 
widespread desert weed, has been found to contain 
nordihydroguaiaretic acid, effective as an anti 
oxidant for fats, and other extractives. The ex- 
tracted residue is then suitable for cattle feed. 
Jojoba ( Simmondsia calijornira ), :i wild desert 
shrub, produces seeds containing a liquid wax 
similar to sperm oil and which can be hydrog- 
enated to form a replacement for carnauba wax. 
Steroid sapogenins from several plants are useful 
as starting materials for the synthesis of cortisone. 

It is the ideal of ehemurgy that the needs of 
mankjnd be supplied as much us possible by the 
renewable plant material grown fron^the soil 
rather than by the irreplaceable mineral resources. 

Edward A. Prill 
Cross -references: Cellulose , Vegetable Oils, 
Pesticides , Agricultural Chemistry 


CHLORATES 

Chlorates are manufactured commercially by 
electrolysis of aqueous solutions of the chlorides. 
Sodium, potassium and barium chlorates consti- 
tute the most important chlorate compounds. The 
chemistry of electrolysis to form chlorates in- 
volves first the formation of chlorine, which then 
produces mixtures of IlOCl and the metal chlorite. 
These then react to give the chlorate and chlo- 
ride. Further oxidation yields the perehl orates. 

*Of the two commercial processes the alkaline* 
electrolytic process has a theoretical 100% effi- 
ciency and the acid one is characterised by high 
electrochemical efficiency. Other metal chlorates 
are prepared by double decomposition from 
barium chlorate and the metal sulfato. 

The most characteristic property of chlorates is 
their oxidation potential caused by their relatively 
easily effected decomposition to the ehloride and 
free oxygen. Mixtures of chlorates (inappropriate 
“oxygen balance”) with organic materials, metals 
(Al, Mg, As, C«i, etc.), carbon, phosphorus, and 
sulfur are generally powerful and more or less 
dangerous explosives. Chloric acid solutions are 
very reactive and are able to dissolve various 
metals (Cd, Cu, Fe, sodium amalgam, etc.) and 
decompose organic materials rapidly, often with 
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flame. Esterification of AeOH in Ft Oil is greatly 
accelerated by Ca(C10i)t • 

The oxidation potential is responsible for the 
strong toxic cftects of chlorate. Thus chlorate 
penetrates the erythrocytes and attacks the hemo- 
globin, converting it to met hemoglobin through 
an autocat al.vtic process in which reduction of the 
chlorate is a necessary step. Mere traces of chlo- 
rate in the soil are injurious to wheat and other 
plants. 

While relatively high sensitivity toward explo- 
sion is achieved with chlorates by admixture with 
combustibles, the decomposition of the pure metal 
chlorate to the chloride and free oxygen is itself 
exothermic and may lead to explosion. Thus 
KClOa and NaClOa generate 16 kilocalories per 
mole in decomposition, and the spontaneous ex- 
plosion of potassium chlorate is not uncommon. 
Decomposition of chlorates may be catalyzed or 
accelerated by contaminants of various types, for 
example, manganese dioxide and even tine sand 
or powdered glass. 

The chlorates are more powerful oxidizing 
agents than the chemically similar bromates and 
iodates. Indeed, KClOi will oxidize iodine chloride 
to KIO* with evokilio’n of chlorine, and will oxi- 
dize bromine to the bromate stage. (Chlorine is 
not oxidized by iodates or bromates, but iodine is 
converted to iodate by chlorine). The power of 
chlorates as oxidizing agents is further illustrated 
by the fact that KCiO* will oxidize ammonia to 
KNO* with the liberation of KC1 and chlorine. It 
must therefore be a stronger oxidizing agent even 
than the corresponding nitrate. 

Monovalent metal chlorates do not add water of 
crystallization, but the bivalent ones add from one 
to six molecules of water per molecule of chlorate. 
Tervalent chlorate salts, while almost unknown, 
probably have considerable water of crystalliza- 
tion in the solid state. On heating at sufficiently 
low' temperatures the hydrated salts lose their 
water of crystallization without further decompo- 
sition showing that they are salts of a strong acid. 
In all these respects the chlorates are very similar 
to the corresponding nitrates. 

The primary uses of ehlorates are in the manu- 
facture of explosives, fireworks and matches. One 
of the oldest and still useful detonators (the fuse 
cap) is based on mixtures (90/10 and 80/20) of 
mercury fulminate and potassium chlorate. These 
detonators arc more powerful, cheaper ami safer 
than pure mercury fulminate. Chlorates arc also 
used in insecticides and for medicinal purposes. 

Like perchlorates, nitrates and other oxidizing 
agents, chlorates in combination with combus- 
tibles of all types constitute a serious fire and 
explosion hazard. Such mixtures are frequently 
quite sensitive to flame, shock and friction and 
must thus be handled cautiously. 

M. A. Cook 

Cross -references: Chlorine , Explosive «, Oxida- 
tion 


CHLORIDES 

The simple chlorides include that group of com- 
pounds which may be regarded as formal deriva- 


tives of hydrogen chloride, HC1, and which may be 
represented bv the general formula MCI» where 
M represents a metal, a non metal, an organic or 
inorganic radical, or a complex. Strictly speaking, 
M should have a lower electronegativity than 
chlorine. Thus, compounds having a great range 
in physical and chemical characteristics are in- 
cluded in this group. If M represents a metal of 
very low’ electronegativity, such as one of alkali 
metals, the resulting chloride is a typical ionic 
compound with a crystal lattice consisting of an 
indefinitely extended three-dimensional array of 
positive and negative ions but containing no finite 
molecular groups. Silver, tliallous, and cuprous 
chlorides belong to this group also. A similar situ- 
ation obtains wdicn M represents a complex ion 
such as NH^ or Co(NTI a V 4+ , except that the 
positive inn positions in the ionic lattice are occu- 
pied by complex rather than simple ions. 

The chloride ion is, however, sufficiently polariz- 
able that when M becomes a metal of somew'hat 
higher electronegativity than the alkali metals, 
covalent bonding may begin to play an important 
role in the crystal lattice. This effect manifests 
itself by the appearance of more or less covalent 
complexes indefinitely extended in one dimension 
(chain-type structures) or in two dimensions 
(layer-type structures). An example of the chain- 
type slructuie is palladous chloride (IMC1«) which 
has the indefinitely extended chain structures of 
the type 

CM CM Cl CM 

✓ ' \ \ / \ / 

Pel P.l IM IM 

\ /* \ ^ \ /" \ 

Cl Cl Cl Cl 

in its crystal lattice Examples of chlorides having 
laver-tvpe struct .res include the chlorides of 
Cd(II), KeClI), Nidi), Mg, Zn, Mn(Il), CriIH), 
and Fe (III). 

As the differences in electronegativity between 
M and CM decrease, the trend toward covalent 
bonding increases. This factor, combined with 
steric and other considerations, results in many 
chlorides having molecular type lattices composed 
of finite, discrete molecules. The configurations of 
these molecules depend upon the bonding orbitals 
available on the atom M. In some instances the 
molecular formulas do not correspond to the em- 
pirical formulas. Thus, aluminum chloride vapor 
it ••omposed of AIjCl# molecules. Ferric chloride 
vapor is likewise composed of dimers, Fe a Cl« . 

The molecular type chlorides are generally char- 
acterized by weaker crystal lattices, lower melting 
points and higher volatilities than the previously 
mentioned types of chlorides. Many molecular 
chlorides exist in the liquid phase at room tem- 
perature. The molecular chlorides include the 
organic chlorides such as CII3CI, C«H&Cl, and 
CHC1§ . 

A large number of chlorides are known in which 
more than one element is combined with chlorine 
in a given compound. Such complex chlorides may 
be represented by the general formula A*B„CL . 
This includes the situation where A and B refer 
to the same element but in different oxidation 
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states; e.g. T1C1* is really THTl^Cl* . The variety 
of complex halides is very great. There are four 
chief structural possibilities for the complex 
halides : 

(a) A, B, and X forms an infinite 3-dimensional 
army of ions in which no finite or indefi- 
nitely extended chain-type or layer-type 
complex may be distinguished. There are 
few examples of this among the complex 
chlorides but it is quite common for the 
fluorides. 

(b) B and X form layer complex anions. Again 
no structures of this type have been found 
among the complex chlorides. 

(c) B and X form chain complex anions. Ex- 
amples include NH 4 CdCLi , KsIIgClt-HfO, 
K 2 SnCl 4 H 2 0, and UbfMCI, . 

(d) B and X form finite complex unions of the 
formula |B*X^^ ,I *'“* , where n is the oxidation 
number of B. There art* a great many ex- 
amples of these among the chlorides. 

The preparatory methods and reactions of the 
various chlorides cover an exceedingly wide range. 
It may be pointed out, however, that since chlo- 
rine in virtually all the chlorides is in its lowest 
oxidation state, the ehlorides are in general sus- 
ceptible to the action of strong oxidizing agents 
to yield molecular chlorine or in some instances 
even higher oxidation products. 

Hakky II. Sisukk 

Carbon Tcirucliloride 

Carbon tetrachloride (C01 4 ) requires special 
mention because of its peculiar properties. It is a 
liquid of specific gravity 1.5X with a characteristic 
sweetish odor. There has been considerable di- 
vergence of opinion about its toxicity, but it is 
now generally agreed that it presents a definite 
toxic hazard. The Manufacturing Chemists Asso- 
ciation requires a warning label on shipments of 
this material. While it is often used as a fire- 
extinguishing agent, it should be remembered that 
heat will cause it to decompose to form phosgene. 
In freely ventilated areas above ground, this is 
probably a minor factor, but in enclosed areas that 
are poorly ventilated, it may be dangerous. Its 
chief use is as a solvent, (‘specially in dry cleaning. 
In ull industrial and large-scale indoor applica- 
tions, adequate ventilation is essential. Since its 
fumes are heavy, special attention should be given 
to ventilating low areas where pockets of toxic 
gases may accumulate. [Ed.] 

Cross-references: Chlorine , Chlorinated Hydrocar- 
bons , Oxidation 


CHLORINATED HYDROCARBONS 

Chlorinated hydrocarbons are hydrocarbons in 
which one or more of the hydrogen atoms has been 
replaced by chlorine. Two general methods, 
chlorination and hydrochlorination, are used to 
prepare them. In most cases chlorination by sub- 
stitution involves the reaction of elementary chlo- 
rine with hydrocarbons. The chlorination of 
methane is a good example of this process : 

CH 4 + Cl 2 CH.C1 + HCl 


CH 4 + 2C1* - CH 2 C1 2 + 2HC1 

CH 4 + 3C1 2 — CHCli + 3HC1 

CH 4 4- 4C1* -* CC1 4 4- 4 HCl 

The composition of the reaction products varies 
with the conditions. The reactions are highly exo- 
thermic so good temperature control is essential. 
Other chlorinating agents besides chlorine can be 
used such as phosphorus pentachloridc, sulfuryl 
chloride, thiemyl chloride, sulfur dichloride, and 
antimony pentachloridc. Some of these chlorinat- 
ing agents also act as catalysts in chlorination with 
elementary chlorine. 

In chlorination by addition , chlorine reacts with 
unsat united hydrocarbons to form dichloro deriv- 
atives. The addition of chlorine to ethylene to 
form ethylene dichloride is a good example. 
Chlorine can also react with unsnturated chlorine 
compounds by addition; the formation of 1,1,2 
trichloroethane from vinyl chloride occurs in this 
way. 

Hydrochlorinalion. Hydrogen chloride cau 
react with a number of organic compounds by 
substitution. In t he majority of cases, however, 
the substitution is with alcohols. The reaction 
in the case of methyl chloride is as follows: 

C1I.OH 4- HCl CHAM 4- 114) 

Since this reaction is reversible it is made to pro- 
ceed to the right by removing the methyl chloride 
as fast.as formed arid by maintaining a high con 
centration of methanol and hydrogen jjiloridc 
Ethyl chloride and butyl chloride are made in 
dust rinlly by this process from their respective 
alcohols. Hydrogen chloride will also react by 
substitution with other organic compounds such 
as amines, ethers, esters, acids, aldehydes and 
ketones to give chlorinated hydrocarbons. Due to 
economic considerations, these reactions are 
seldom used industrially. 

The addition of hydrogen chloride to unsnturated 
compounds to produce chlorinated hydrocarbons 
is of considerable importance industrially. For 
example, hydrogen chloride will add to ethylene 
to form ethyl chloride and to acetylene to form 
vinyl chloride. 

Physical! Properties. The stepwise subst itution 
of chlorine for hydrogen in hydrocarbons in 
general increases the boiling point, molting point, 
density and refractive index. One outstanding ex 
ception to this generalization is the decrease in 
in melting point in going from benzene to mouo- 
chlorobenzctic. A reduction in molecular sym- 
metry is believed responsible for this anomaly. 
The substitution of one hydrogen by chlorine in a 
hydrocarbon generally produces only a slight drop 
in flammability. Further substitution then pro- 
duces a rapid drop. Fully chlorinated derivatives 
are nonflammable. The chlorinated hydrocarbons 
are generally good solvents for fats and oils and 
poor solvents for water and polar substances. 

Chemical Properties. The chlorinated hydro- 
carbons are moderately reactivo chemicals and 
show a wide variation in reactivity with structure. 

Pyrolysis. The position of the chlorine in ali- 
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phat-ie chlorinated hydrocarbons has a marked 
effect in pyrolysis. The stability decreases in pro- 
ceeding from primary to secondary to tertiary. 
The primary chlorides decomposes only at tem- 
peratures in the range of 400-500°C. The com- 
pletely chlorinated derivatives have about the 
same stability. The unsaturated chlorinated 
hydrocarbons show low stability at low chlorine 
content and high stability when completely 
chlorinated. The aromatic chlorides all show 
remarkable heat stability. For example a bright 
red planinum wire is required to decompose 
chlorobenzene. The chlorinated alicyclic hydro- 
carbons have somewhat the same stability as the 
primury saturated paraffin derivatives and in 
both cases hydrogen chloride is nearly always 
produced as a decomposition product. 

Hydrolysis. The rate of hydrolysis of saturated 
aliphatic chlorinated hydrocarbons increases from 
primary to tertiary derivatives. The primary 
chlorides are converted chiefly to alcohols. Second- 
ary chlorides give some alcohols but mostly 
olefins. Tertiary chlorides give olefins almost com- 
pletely. The chemical properties of the saturated 
aliphatic derivatives differ strikingly from the 
aromatic and unsatuiaied derivatives. This is 
illustrated in rates of hydrolysis. For example 
methyl chloride and benzyl chloride are readily 
hydrolyzed by boiling dilute sodium hydroxide 
solution, whereas chlorobenzene requires solid 
caustic at about 300°C. Any chlorine adjacent to a 
double bond shows increased chemical stability. 
In the methane scries methylene chloride is con- 
siderably more stable than the other members. 
This increased chemical stability of methylene 
chloride, 1 1 irhlornethylene and tetraehloroethyl- 
ene has stimulated their use as iudiist rial solvents. 
They show less h\ drolysis, corrosion of metals and 
toxicity than such old chlorinated solvents as 
chloroform and carbon tetrachloride. 

Rt action* n ith am int s. The reaction of chlorinated 
h\ diocai bon - with ammonia and amines is of con- 
siderable importance in synthetic organic chem- 
istry. The usual reaction is one of addition, 
forming an amine chloride. The reaction is illus- 
trated with methyl chloride and ammonia: 

(TUI + Mi a — CU,N1I,(T 

Jf alkali is present the free amine is formed, 

b (TUMI, C l 4- NaOll — CH.XII- F XaCl 

which can react with more methyl chloride form- 
ing higher amines. The ultimate product, when 
excess alkali is present is tetramethyl ammonium 
hydroxide. 

These reactions occur quite readily with most 
primary monochlorinated hydrocarbons. Second- 
ary and tertiary derivatives react with ammonia 
and amines but- generally by hydrogen chloride 
removal and olefin formation. Some polychlorin- 
ated hydrocarbons will react with ammonia to 
form amines if one chlorine is singly attached to 
carbon. The formation of ethylene diamine from 
ethylene diehloride and ammonia is an example. 

Chlorinated aromatics will react with ammonia 
at high temperatures and pressures to form 


amines. For example chlorobenzene will react with 
ammonia at about 2fX)°C, in the presence of a 
catalyst of copper oxide and chloride to form 
aniline. 

Reactions with metals and metal salts. Primary 
monochlorinated hydrocarbons in general react 
with metals such as sodium, potassium, and 
lithium to form hydrocarbons, by a Wurtz reac- 
tion, 

2RC1 + 2Na — It Tt + 2NaCl 

This reaction proceeds through the intermediate 
formation of a metal salt of the hydrocarbon, 

RC1 + 2 Nn -► KNa + NaCl 

followed by reaction of this salt with more of the 
chloride 

RNa 4 R<T -* K It 4- NaCl 

The primary monochlorinated hydrocarbons 
react quite readily with several types of metal 
organic compounds. Some examples are the reac- 
tion with sodium alcoholates to form ethers 
(Williamson synthesis of ethers): 

KCl + XaOR' . UOR' + XaCl 

the reaction with the sodium salt of organic acids 
to form esters, 

lt(T 4- NaOOCU' - HOOCH' 4- NaCl 

and the reaction with sodium cyanide to form 
nitriles, 

H(T 4- NaCn — RCN + NaCl 

Production ami I'scs. The production of chlo- 
rinated hydrocarbons is given below*. The lirst 
four are mostly captive. The largest captive use 
for ethylene dtehhn.de is as a coupling agent in 
antiknock fluid. Ethyl chloride has two important 
captive use**- toe manufacture of tetraethyl lead 
and of ethyl cellulose. Vinyl chloride monomer, 
which includes some vinylidene chloride, finds its 
major use in vinyl plastics. The major captive uses 
for chlorobenzene are in the manufacture of 
phenol, aniline and nitrated chlorobenzenes. 


Pioiluition (million:, of 
pounds) 



1 1951 

i 

| 1952 

1955 

; 1954 

Ft hylene diehloride 

436 

! 436 

520 

. _ 

Ethyl chloride 

410 

442 

520 

— 

Vinyl chloride monomer 

I 431 

321 

i 401 

— 

Chlorobenzene 

! 471 

3S2 

! 377 

327 

Trichloroethylene 

1 -- 

270 

* 323 

1 207 

Carbon tetrachloride 

! 244 

210 I 

! 260 

231 

Tetrachloroet hylene 

1 no 

106 | 

! 153 

158 

Methylene chloride 

1 40 

55 

1 64 

— 

Benzene hexachloride 

117 

S6 ! 

! 60 

59 

Methyl chloride 

37 

34 

40 


Chloroform 

26 

22 

( 26 

— 

Chloroparaffins 

44 

47 

33 

— 

Benzyl chloride 

11 

10 

10 

— 
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Trichloroethylene and tetrachloracthylene are used 
almost entirely as solvents for dry cleaning, metal 
degreasing and extraction of fats and oils. At one 
time carbon tetrachloride was very important 
in these fields but because of greater hydrolysis 
and toxicity it has lost ground. The major use 
for carbon tetrachloride today is in the manufacture 
of fluoroehloro methanes, which in turn are used 
as refrigerants and aerosol propellants. Methylene 
chloride is used mainly in paint and varnish re- 
movers. Methyl chloride has three important uses, 
one as a catalyst solvent in Butyl rubber produc- 
tion, another as a reagent in silicone production 
and the third as a methylating agent. Chloroform 
is used as a solvent and as a chemical reactant. 

Benzene hexachloride is produced almost en- 
tirely for its gamma isomer content, which is an 
excellent insecticide and miticide. Benzyl chloride 
is used primarily as a chemical reactant. The 
chlorinated paraffins are important as plasticizers, 
mildew proofing and flame proofing agents. 

1\ .1. Furman 

Cross-references: Solvents , Hydrocarbons 


CHLORINE 

Chlorine is an element with atomic number 17, 
atomic weight 35.45; it is in Croup VII B of the 
Periodic System. It is a gas at ordinary tempera- 
ture's and is never found free in nature. It has the 
following physical properties: 

Boiling point: — 34.5°C. 

Compressibility of liquid: 0.0118% per unit vol. 
per 1 atm. pressure increase at 20°(\ 

Critical density: 573 g. per liter. 

Critical density: 76.1 atm. 

Critical temperature: 144°C. 

Density; gas, 3.214 g./l. at 0°C, (1 atm; /liquid 
1468 g./l. at 0°C. 

Freezing point : -*100.98°(\ 

Heat of fusion: 22.9 g. cal./g. 

Latent heat of vaporization: 68.8 cal./g. 

The modern chlorine industry, not unlike other 
chemical enterprises, is greatly indebted lo the 
science of the late 18th and early 19th centuries. 
Sehcele, in 1774, prepared gaseous chlorine by the 
action of hydrochloric acid on manganese dioxide. 
Northmore prepared the first liquid chlorine in 
1805. Sir Humphry Davy, in 1807, by the decompo- 
sition of fused salts with an electric current, was 
able to produce sodium and potassium, and in 
1810 demonstrated that chlorine is an element; 
discarding the old name “oxygenated or pldogis- 
tonated muriatic acid” he gave the name chlorine 
(from Greek word for “green”) and sealed the 
doom of the phlogiston theories. In 1833 Faraday 
discovered and set forth the laws for the action of 
electric current on salt solutions. 

As a gas, chlorine is never shipped in commerce 
except for short distances in pipe lines. As a liquid 
it is shipped daily in very large quantities in 
cylinders loaded not in excess of 150 pounds; in 
containers loaded to 1 ton; by motor trucks in 
cylinders and in containers loaded to 1 ton; in 
tank barges loading as much as 600 tons; in tank 
cars holding 15, 16, 30 and 55 tons, and for short 


distances in pipe lines of varying capacity. All 
types of containers used in the transportation of 
liquid are strictly governed by the Regulations 
and Specifications of the United States ('oast 
Guard or the Interstate Commerce Commission 
and in some cases by the codes of States. In prac- 
tice there is no important difference in marking 
and other requirements for motor trucks and rail 
carrier shipments between interstate and intra- 
state commerce. 

The physiological response to various concen- 
trations of chlorine gas is set forth in the following 
table from the Bureau of Mines Technical Paper 
No. 248. 

Parts of f'lilorinr (las per 

Kffeit Million Parts of Air (by Volume) 


Least detectable odor. .... 3.5 

Least amount required to cause irritation 
of throat ... 15.1 

Least amount required to cause coughing. 30.2 
Least amount required to produce slight 
symptoms (of poisoning) after several 

hours exposure 1.0 

Maximum amount that can be breathed for 
one hour without serious effects. 4.0 

Amount dangerous in 30 minutes to one hour 40 60 
Amount likely to be fatal after a few deep 

breaths ... 1000 


The uses of chlorine are legion, sis it is used as :l 
tool of inanufaeture and sis a component of si 
finished product. The first American use of chlo- 
rine w'sis in the sunitsiry field, and thsit use has lung 
been considered indispensable in the sanitation of 
water intended to be made potsible. There are also 
many applications in tin* sanitation of indust rial 
wastes, sewage ami swimming pools. At a very con- 
servative estimate chlorine is applied in sanitation 
at 15,000 such locations in the United States. The 
bleaching of pulp, the production of csirbon tetra- 
chloride, chlorobenzenes, ethylene glycol, syn- 
thetic glycerine, tetraethyl lead and trichloro- 
ethylene consume large (plant it ies. There are many 
other reactions of chlorine with organic substances 
consuming chlorine. The present American pro 
duct ion of chlorine gas is about 8,400 tons per 24 
hour day. Of this amount, about one half isliquefied 
and shipped. All nations of the modern industrial 
type have and use chlorine-producing facilities. 

Chlorine is generally produced by the elec- 
trolysis of water solutions of sodium chloride in an 
electrolytic cell of the Hooker, Vorce, or Allen- 
Moore type. There is also a small production by 
electrolysis of potassium chloride, the electrolysis 
of fused sodium chloride designed for the produc- 
tion of metallic sodium, and also a process inci- 
dental to the production of nitrate of soda. When 
sodium chloride or potassium chloride solutions 
are subjected to electrolysis, there are three prod- 
ucts; caustic soda or caustic potash, chlorine and 
hydrogen. If fused sodium chloride is used, there 
are two products: chlorine and metallic sodium. 
The economic aspects of these matters are compli- 
cated because the products are dangerous sub- 
stances requiring great care in handling; by mar- 
keting conditions; and by changing uses. The 
location of a chlorine plant is not a simple matter. 
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The ideal location would be one providing cheap 
power, nail or brine, transportation and water, 
skilled labor and consumption on the spot or 
nearby suitable markets. There is no such loca- 
tion. All present locations have some but not all 
Huch advantages. 

Chlorine has always been an important factor 
in the production of war gases, and te the extent 
of use of such gases the chlorine plants are an im- 
portant. element of the national defense, (Based 
on information supplied by The Chlorine Insti- 
tute, Inc., R. J. Baldwin, Secretary) 

Geokoe L. Clark 

Kleclrol> lit* Cells 

For commercial production of caustic soda, 
Hodiiun, and chlorine reaction chambers called 
“cells” are used. These may be of many types, 
though the Hooker, Allen -Moore, Vorce and Nel- 
son cells are most extensively used. These are all 
of the diaphragm type; a cell having a mercury 
cathode is also used to some extent (Cast nor, 
Sorensen). 

The essential parts of an electrolytic cell are 
shown in Fig. 1. Thy current, which is always di- 
rect current, is said 1o enter at the anode and to 
leave at the cathode. In a brine, there are present 
sodium ions (Nr') and chloride ions (Cl ), as well 
as ions resulting from the ionization of water, 
/'.r., the hydrogen ion (II ') and the hydroxyl ion 
(OH ). After the current, is applied, the chloride 
ions give up their negative charge (one electron) 
and become yellow chlorine gas, Gl? . The hydro- 
gen ions acquire an electron each at the cathode, 
and form the hydrogen molecule (hydrogen gas). 
There are many more Xa* ions than H* ions pres- 
ent at any time, but the single potential for hydro- 
gen is lower than that for sodium. As soon as the 
hydrogen ions present have deposited, more are 
formed by ionization of the water molecule, a 
process which takes place at a rate approaching 
the speed of light. The Na* ions thus remain un- 
disturbed during the action of the current on the 
brine. The OH" ions, constantly formed by the 
ionization of the water, accumulate at a rate which 



Fin. 1. Cells for the electrolysis of solutions of 
sodium chloride in water. The chloride ion, Cl ~ , 
forms chlorine gas at the anodes, marked -4 and 
C\ the hydrogen ion, H\ forms hydrogen gas at 
the eathodes; the latter are marked B and D. A 
diaphragm divides the anode brine compartment 
from the cathode compartment. 


equals that of chlorine ion discharge, so that the 
Na + ions are matched in number by the newly 
formed OH" ions. The reaction may be written: 

Na f + Cl +HMOH -> 

Na^ + 'iCU + !<JH 2 + Oil . 

This is the process which goes on in the dia- 
phragm cell. In the mercury cell, the deposition 
of hydrogen ions at the mercury cathode does 
not occur, because the mercury cannot, accept 
them; here, the Na + ion functions, by acquiring 
an electron and dissolving as sodium metal in the 
mercury. In a second chamber, the umalgam first 
formed is “denuded” of its sodium, forming with 
water Na + again, and liberating hydrogen, which 
in turn leaves an equivalent number of OH - ions 
to form the caustic soda in solution: 

2Na f 211,0 — 2Xa()H + 11, . 

Diaphragm cells are so connected that the cur- 
rent leaving at the cathode of one cell enters at 
the anode of the > ext. The path of the current lies 
through the metallic bar to the anode, through 
the liquid to the cathode opposite, through a 
metallic connection to the next anode, and so on 
to the last cathode, which is connected to the 
terminal at the generator. As it passes through 
the metal, the current causes no chemical change; 
but as it goes through the brine, the decomposition 
takes place which has been described. In the 
Townsend cell, caustic gradually accumulates 
near the cathode; to prevent it from diffusing 
toward the anode, a wall may be placed in the cell, 
forming two compartments. The wall allows slow 
passage of the solution and free passage to the 
sodium ions; by keeping the level in the anode 
chamber higher than in the cathode chamber, the 
hydrostatic flow b toward the cathode, nullifying 
the diffusion tendency of the XaOH toward the 
anode. The permeable wall diaphragm is usually 
asbestos fibers supported on an ion screen. 

K. R. Kiugel 

C !ross -references : Electrolysis , Bleaching , Chemi- 
cal Warfare 


CHLOROHYDRINS 

Aliphatic organic compounds which are both 
alkyl chlorides and ulcohoU are called chloro- 
hydrins. Those most frequently encountered con- 
tain one chlorine atom and one hydroxyl group on 
ad; «ccnt carbon atoms. 

Preparation. A general method of preparation 
is the addition of hypochlorous acid to alkenes. 
Addition to an unsyminet rical alkene yields pre- 
dominately a product in which the hydroxyl group 
is attached to the carbon atom poorest in hydro- 
gen. Thus, reaction of hypochlorous acid with 
1 -alkenes gives chlorohydrins of the structure 
RClIOIlCHsCl. The initial step in this reaction is 
an attack on the electron-rich carbon atom of the 
double bond by an electrophilic reagent. The 
formed intermediate is subsequently decomposed 
by a water molecule or in alkaline medium by 
hydroxide ion. The active electrophilic reagent in 
hypochlorous acid, acidified with sulfuric or pet- 
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chloric acids, is the chlorinium ion Cl 4 for reac- 
tive alkenes and (he hypochlorous acidium ion 
CU Ills’ for very reactive alkenes such as 2-methvl- 
p rope ue. In weak acidic solutions the effective 
electrophilic reagent is hypochlorous acid and 
chlorine monoxide. 

Chromyl chloride in carbon tetrachloride reacts 
with 1 -alkenes to form chlorohydrins of the type 
KCHClCllaOH and with cyclohexene to form 
trans-2-chloroeyelohexanol. Presumably the chro- 
inyl chloride donates a positive Crt) 2 Cl fragment 
to the alkene to form a three or live -membe red 
cyclic intermediate which reacts in a subsequent 
step with chloride ion; hydrolysis of this product 
gives the chlorohydrin. Industrial processes for 
producing chlorohydrins from alkenes include the 
addition of hypochlorous acid indirectly by the 
use of monochlorourea or t-butyl hypochlorite, as 
well us the passing of chlorine and an alkene into 
waiter under controlled conditions of temperature 
and concentration. 

Cyclic ethers may easily be converted to chloro- 
hydrins by treatment with hydrochloric acid. The 
rate of reaction is proportional to the concentra- 
tion of the cyclic ether, hydrogen ion and chloride 1 
ion. Inversion is observed to accompany the open- 
ing of the oxide ring. These kinetic and stereo- 
chemical results of opening the oxide ring by 
hydrochloric acid are best explained by a mech- 
anism involving the addition of a proton to the 
epoxide ovygen to form the conjugate acid of the 
oxide, foJ.owed by a nucleophilic displacement by 
chloride ion. The opening of unsynunet ricallv 
alkyl substituted ethylene oxides by hydrochloric 
acid usually results in mixtures of the two possible 
chlorohydrins. In some cases particularly with 
aryl substituted ethylene oxides a single product 
is formed. 

Chlorohydrin* may also be formed by the treat- 
ment of various glycols with chlorinating agents 
such as hydroehloiie acid, thionyl chloride or 
sulfur chloride. These methods are often compli- 
cated by the occurrence of disubstitution. Other 
methods of preparation of chlorohydrins include 
the reaction of Orignards with ehloroaldehvdes 
and chloroesteis and the reduction of chlurokc- 
tones with aluminum ethoxide. Chlorohydrins are 
also made successfully by the reduction of chloro- 
acids, chloroesters and chloroacid chlorides by 
lithium aluminum hydride. 

Reactivity. Kinetic studies on the reaction of 
some chlorohydrins with water established that 
4-chloro-l -butanol reacts 1000 times as fast as 
2-chloroethanol and 200 limes as fast as 3*ehloro-l - 
propanol. Tetrahydrofuran was the main reaction 
product of 4-chIoro- 1-butanol with water, while 
ethylene glycol and trimethylcne glycol arc the 
only products in the hydrolysis of 2-chloroethanol 
and 3-chloro-l-propanol. 

Treatment of 2-chloroethanol with sodium hy- 
droxide yields ethylene oxide. The reaction is 
first order with respect to hydroxide ion and first 
order with respect to the chlorohydrin. A mechan- 
ism which accounts for the kinetics and the forma- 
tion of the epoxide involves a two step process. 
The first step is a rapid equilibrium betwecu the 
hydroxide ion and the hydroxyl group of the c.hlo 


rohydrin followed by a rate-determining displace- 
ment of chloride ion from the chloroalcoholate 
ion. The rate of formation of ethylene oxide thus 
depends upon the acidity of the chlorohydrin and 
upon the reactivity of the chloroalcoholate ion 
formed. Reaction of hydroxide ion w r ith 4-chloro- 
1 -butanol also gives a cylie ether, tetrahydrofuran, 
and follows second-order kinetics. 

The reaction of 3-chloro-l-alkanols with hy- 
droxide ion is quite slow compared to 2-ehloro- 
ethanols and 4-chloro-l -butanols and the yields of 
trimethylcne oxides are usually low, the pre- 
dominant reaction being elimination and some 
substitution. The elimination reaction is favored 
by the inductive effects of both the chlorine atom 
ami the hydroxyl groups affect mg the same beta 
carbon atom favoring the release of a proton. 
OVw-dialkyl substitution on the hydroxyl hearing 
carbon seems to aid trimethylenc oxide formation. 
Yields of trimethylene oxides are also high in those 
3-ehloro-l -alkanols where elimination is impns 
rible and where sterie hindrance would prevent 
intermolecular subst itut ion. 

Substitution of the chlorine atom of chloro- 
hydrins by nucleophilic reagents such as t he amino 
or substituted amino groups, niercaptn groups, 
cyanide ion, sultide ion, phenoxide ion and iodide 
ion takes place easily. 

Due to the displacement of electrons toward I be 
chlorine, the alcohol group of « chlorohydrins is 
less susceptible t» attack by elect rupliilic reagents 
than unsubstituted alcohols. Thus, the ebloro 
b\ drius of the 2-butenes are reported to In* inert 
to the action of fuming hydrochloric acid rrr to zinc 
chloride -hydrochloric acid- nor is there any reac- 
tion with fuming hydrobromic acid. The half life 
of 1 rnns-2-chIomcyclohexanol with fuming 1 1 Hr 
al 20 r r is 85 days compared to a half life of 20 
minutes with cyclohexanol. On the other hand 
3-chloro 1 propanol where the chlorine and hy 
droxyl groups are further removed from each 
other reacts readily with 4S% 1 1 Hr. 

The hydroxyl group of chlorohydrins, on the 
whole, exhibit the characteristic reactions given 
by simple alcohols. Oxidation of chlorohydrins 
containing a primary alcohol group yield chloro 
aldehydes and chloroacids. Halides of phosphorus 
replace the hydroxyl group with case and reaction 
with organic acids or acid chlorides form esters. 

Reaction of (H-)-threo-3-chJor-2-butanol with 
thionyl chloride gives equal amounts of dl- 2,3- 
diehlorobutanes but no nieso dichloridc. This 
stereochemical result can be account del for by a 
mechanism involving the formation of the ester 
which subsequently decomposes to the chloronium 
ion due to the displacement of the negative ion 
SOC1" by the neighboring chlorine at om. A nucleo- 
philic displacement by chloride ion yields the 
final products. 

II. W. Heine 

Cross -references : Chlorine , Alcohols 


CHLOROPHYLLS 

A group of closely related green pigments oc- 
curring in leaves, bacteria and oiganisms capable 
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of photosynthesis. The major chlorophylls in land 
plants are designated a and 6. Chlorophyll c occurs 
in certain marine organisms. Because of the over- 
whelming percentage of the total photosynthesis 
which is performed by marine organisms, it is 
possible that chlorophyll c is equivalent in im- 
portance to chlorophyll b. Chlorophyll a is several 
times as abundant as chlorophyll h. Bacterio- 
chlorophyll contains tw'o more hydrogens than the 
plant, chlorophylls and has the vinyl group altered 
to an acetyl. 


CH 

I 

CH 2 

„ i 
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Formula I represents one of the canonical forms 
for chlorophyll ft. II the similar form for chloro- 
phyll h Thc<e structures have been established by 
a long series of degradation studies mainly by It. 
Willstatter, Hans Fischer and their collaborators, 
and by synthetic studies in the* laboratories of 
Fischer. 

The biological significance of the chlorophylls 
stems from their rule in photosynthesis, the proc- 
ess by which phi uN fix the sun’s energy in the form 
of organic matter. This process corresponds to the 
reversal of the combustion of hydrogen. The oxy- 
gen liberated is set free in the air. I'nder special 
conditions, some organisms are also capable of 
liberating the hydrogen, but usually this is used 
for chemical reductions in the plant. Atmospheric 
carbon dioxide is fixed enzymatically and is thus 
used as the source of the carbon in the synthetic 
process but is not reduced directly. The path of 
the carbon from carbon dioxide in photosynthesis 
has been elucidated largely by the studies of Cal- 
vin and his collaborators. While it is known that 
most of the energy fixed in photosynthesis is 
absorbed originally by the chlorophylls, the exact, 
reactions which they undergo to initiate the proc- 
ess of reduction are not yet understood. It is 
known, however, that the photosynthetic sequence 
requires a high degree of organization within the 
plant cells where it occurs, and t hat destruction of 
the organization of the chlorophists by processes 
like grinding arc sufficient to bring photosynt hesis 
to a stop, even when the chlorophyll and the solu- 
ble enzymes participating in the process are still 
presumably intact. 

Weak acids remove the magnesium from the 
chlorophylls giving the pheophytins. Strong acids 
selectively hydrolyze the phytyl group, yielding 
the pheophorbides. Hydrolysis of the chlorophylls 


by the enzyme chlorophylla.se in the absence of 
alcohols also removes the phytyl group, giving 
chlorophyll ides. When the enzymatic process is 
conducted in the presence of alcohols, chlorophyl- 
lide esters, such as methyl or ethyl chlorophyllide, 
are produced by alcoholysis. The chlorophylls, 
because of the phytyl group, are microcrystalline 
waxes. The chlorophyllides, on the other hand, 
crystallize in visible crystals. 

Hot , quick, alkaline saponification of the chloro- 
phylls yields chlorophyllius, magnesium contain- 
ing pigments with three carboxylato ions. These 
result from the removal of the two alcohol groups 
and the cleavage of the five-membered isocyclic 
ring. The cleavage occurs readily because this ring 
contains a keto group/* to a carboxylic ester group. 
Acidification of the product obtained in this 
manner from chlorophyll a removes the magnesium 
and gives chlorin e c , one of the most readily ob- 
tainable and important degradation products of 
chlorophyll tt. The corresponding degradation 
product of chlorophyll b is called rliodin g 7 . The 
numerical subscripts in this and lower ranges refer 
to the number of oxygen atoms contained in the 
molecules. In the high ranges, for example phoo- 
purpuriiiis , the subscript refers to the so called 
“acid number”, the percentage strength of hydro- 
chloric acid which will remove two-thirds of the 
substance from an equal amount of its ethereal 
solution. 

When an ethereal solution of a chlorphvll, or of 
a derivative containing an intact isocyclic ring, is 
treated with cold alcoholic K()1I, the green color 
is momentarily discharged to a yellow or brown, 
depending upon the derivative, and the green 
color tlii'ii reappears. This is known as the “phase 
test” and was discovered by Molisch. When 
chlorophyll derivatives are exposed to air in the 
presence of alkali, oxidation accompanies the 
hydrolysis and rii.g cleavage and the product is 
said to lie “allonierized”. Such a product will no 
longer give a positive phase lest, nor will it crys- 
tallize readily. The prevention of allonierization 
is of great importance in securing high quality 
chlorophyll derivatives. The complicated series 
of reactions Hiking place during allonierization 
was elucidated by the work of J. B. Conunt and 
his collaborators. Kquivnlcnt oxidation can also 
be secured with quinone. Stronger oxidizing 
agents, such as forrievanideor molybdieyanido, are 
capable of stripping otT the extra hydrogens from 
the nucleus and convening members of the green 
chlorophyll series into the red porphyrins. Chro- 
mic acid degrades all these substances into maleic 
imide derivatives, together with other products. 

Mild hydrogenation of chlorophyll derivatives 
saturates the vinyl group. Drastic, hydrogenation 
is capable of discharging the color, with forma 
tion of leiico compounds, or even of cleaving the 
nucleus with the formation of pyrrole derivatives. 

It is thus evident that the chlorophylls are 
sensitive to acid, alkali, reducing agents or oxidiz- 
ing agents, whether weak or strong. This variety 
of sensitivities to chemical agents renders them 
hard to purify without change and makes chemical 
synthesis in the field difficult. In commercial prac- 
tice, it complicates tho problem of securing uni- 
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formity of product and gives rise to the possibility 
that, each batch will contain different substances 
or different proportions of various products. The 
sensitivity of the 6 series to chemical reagents is 
generally greater than that of the a series. 

Compared to the highly stable phthalocyanincs, 
chlorophyll derivatives are pigments of relatively 
low stability to light, oxidizing agents and other 
common pigment destroyers. This property forms 
one of the serious limitations to their wider com- 
mercial exploitation. A moderate increase in 
stability is conferred by the substitution of copper 
for magnesium. This also produces a clearer shade 
that is frequently more desirable. Numerous met- 
als which have square, planar bonds are quite 
tightly bound by chlorophyll derivatives. This is 
especially noticeable in the case of copper, which 
is so tightly held in this configuration that it is 
deprived of its usual catalytic action. Even these 
complexes possess relatively low stability to light 
and oxidizing agents, however. An additional dif- 
ficulty is introduced by the fact that the destruc- 
tion of the organic portion of the molecule renders 
the metal available for new combinations. 

Commercially, chlorophyll derivatives are usu- 
ally assayed spectrophotometricallv or colori- 
mjdrically. These assays serve as an index of tine- 
torial power but do not accurately measure the 
chlorophyll derivatives because of the inter- 
ferences of other plant pigments and decomposi- 
tion products. For reliable assays, preliminary 
fractionations must be performed. 

The special techniques most frequently used in 
the fractionation and purification of chlorophyll 
derivatives are acid fractionation, column chro- 
matography and paper chromatography. The acid 
fractionation procedure of Willstaetter and Mieg 
relies upon the fact that porphyrins, chlorins and 
related substances are weak bases which can be 
extracted from ethereal solutions by varying con- 
centrations of hydrochloric acid. The fractiona- 
tions obtained are sharper than might be expected 
because small changes in acid concentration cause 
changes in the solubility of ether in acid and of 
aqueous acid in ether, thus producing greater 
effects than they would in a relatively invariant 
system. The method of chromatography was in- 
vented by Tswett expressly for the separation of 
chlorophylls and carotinoids but lay dormant in 
the literature for many years until rediscovered 
for the fractionation of carotinoids. Paper chroma- 
tography is a powerful tool for assay because of 
the small quantities of material needed for a satis- 
factory fractionation. Even these small quantities, 
however, are sufficient for quantitative purposes 
when eluted and assayed in a spectrophotometer. 

Chlorophyll derivatives with the phytyl group 
intact are oil -soluble and form a series of green 
dyes which have found wide commercial applica- 
tion in the coloring of oils and waxes. The chloro- 
phyll soaps, resulting from combined saponifica- 
tion and cleavage of the isocylcic ring, form 
valuable 11 * water-soluble” dyes, useful in the color- 
ing of soaps and similar products. 

Both the medical and the cosmetic literature arc 
replete with claims of therapeutic or physiological 
activity of 1 Chlorophyll”. The substances utilized 


in this work range from partially purified chloro- 
• plasts to mixtures of materials which have under- 
gone deep-seated chemical alteration. Some of the 
types of activity claimed can be shown to be due 
to incidental impurities. The lield for investigation 
of the action of pure chemical individuals pro- 
duced by the action of various reagents upon 
chlorophyll or its derivatives is unexplored. It is 
known, however, that neither chlorophyll nor 
hemoglobin in the diet, is utilized by the body in 
the formation of the physiologically active pyrrole 
pigments. These are derived, instead, from such 
simple building blocks as glycine and acetate ion. 
Only the iron in dietary blood pigment can be 
utilized by the body. 

The work of (iranick has shown that, in the 
physiological processes of plants, chlorophyll is 
formed from protoporphyrin, which can be ob 
tained in the laboratory by the removal of iron 
from hemin. The pathways to heme and to chloro- 
phyll diverge at protoporphyrin. To form heme, 
an organism introduces iron into protoporphyrin. 
To form chlorophyll from protoporphyrin, an 
oxidation, a reduction, a ring closure ami estcrifi 
cations are performed and the magnesium is 
introduced. The end product of the enzymatic 
synthetic chain is presumably prolochlornpliyll , 
the magnesium derivative of the porphyrin cor- 
responding in structure to chlorophyll. The addi- 
tion of the two hydrogens necessary t «> convert the 
red compound to the green is accomplished under 
the influence of light. 

A. If. (Nik win 

Ooss -references : Photosynthesis 

CHROMATES, see CHROMIUM 
CHROMATOGRAPHY 

Chromatography' is one of the most versatile 
procedures available to the chemist for the frac- 
tionation of mixtures of substances. In the opera- 
tion of a chromatogram, a mobile gaseous or liquid 
phase is used to wash the substances to be sepa- 
rated through a column of a porous material. In 
this manner, the components of the mixture are 
distributed reversibly between the nonmobile 
and the mobile phase, and the selective forces of 
sorption, upon which the fractionation depends, 
are thus utilized in a countercurrent, multistage 
procedure that can possess extremely high re- 
viving power. Michael Tswett, a Russian bot- 
anist, gave chromatography its name in 1906, and 
is generally' credited with being its discoverer, 
although other investigators performed somewhat 
similar experiments at an even earlier date. In his 
experiments, Tswett poured a petroleum ether 
extract of green leaves over a column, of finely 
powdered calcium carbonate contained in a verti- 
cal glass tube. The pigments in the cxbtact were 
first adsorbed at the top of the column, but as 
more fresh solvent was percolated through the 
column, the individual components of the mixture 
began to migrate down the column as discrete 
zones, each at its own characteristic rate, so that 
in time the pigmentN were separated from one 
another. The resulting dramatic display of colors 
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inspired the name *' 'chromatography”, which, as 
it turns out, was not a particularly fortunate 
choice, for today the technique is used more often 
than not for the separation of colorless substances. 

Effective separations on a chromatogram depend 
upon the selection of the right combination of 
stationary und mobile phases, a selection which, 
even now, must frequently be made empirically. 
An enormous number of finely powdered materials 
have been employed as the nonmobile phase in a 
chromatograph column, including the carbonates 
of calcium, magnesium, and sodium; various forms 
of charcoal activated in special ways; fuller’s 
earth, bentonite, Lloyd’s reagent, talc, and innum- 
erable other clays and diatomaccous earths; alu 
mi on; silica gel; and many organic substances such 
as starch, cellulose, sucrose, inulin, benzoic acid, 
and synthetic ion exchange resins. The solvents 
employed as mobile liquid phase, or eluant , include 
water, aqueous solutions of various acids, alkalies, 
and salts; tin? lower alcohols; ketonic solvents; 
hydrocarbons and chlorinated hydrocarbons; vari- 
ous ethers and derivatives of ethylene glycol; and 
many others alone or in combination. 

Once the components of a mixture have been 
separated into zonrj* t>;* m chromatogram, they are 
sometimes recovered by extruding the column, 
segmenting it, and extracting each segment 
separately to recover the adsorbed substance. 
More frequently, however, passage of solvent 
through the column is continued until the various 
zones emerge successively in the effluent issuing 
from t he bottom of t he column, a procedure known 
as elution analysis. Each zone is collected as one 
or more fractions. To locate and identify suhstan 
cos, either on segments from a column, or in the 
cfHucnt fractions, numerous physical and chemical 
techniques have been employed, including con- 
ductivity, spectroscopy, fluorimet rv, color reac- 
tions, radioactivity measurements, determina- 
tions of enzymatic activity, and bioassa> with a 
microorganism or an animal. 

In recent years, several modifications and alter- 
ations in the basic Tswett technique have been 
introduced. In the so called “partition chromato- 
gram”, developed by Martin and Synge, the 
column of porous solid is used to immobilize drop- 
lets of a liquid phase, and separations are con 
sidered to result primarily from liquid-liquid dis- 
•trihution of the solutes between the stationary 
and the flowing liquid phases. In frontal analysis, 
as introduced by Tiselius and Claesson, the mix- 
ture to be fractionated is not applied to the 
column as a discrete sample followed by fresh sol- 
vent, as in elution analysis, but a solution contain- 
ing the substances to be separated is continually 
pass'-d into the column of adsorbent. The concen- 
tration of solutes in the effluent rises in a stepwise 
fashion as each component in turn saturates the 
column and breaks through into the effluent. The 
number of steps in the effluent curve indicates the 
complexity of the mixture. Alternatively, when 
the column is nearly saturated, a very strongly 
adsorbed compound can be used to dispjace a 
group of substances, which then emerge in the 
effluent as a series of immediately adjucent zones. 

Separations of gases can also be achieved chro- 


matographically by allowing the mixture to flow 
over either a solid or a finely dispersed liquid, 
yielding a gas-solid or a gas liquid chromatogram. 

Probably the most important recent develop- 
ment in chromatography was made by Martin and 
Synge and their associates in England when they 
introduced the use of strips or sheets of paper as 
the stationary phase in a chromatogram. The mix- 
ture to be fractionated is applied as a spot to one 
end of the paper, whereupon the paper is enclosed 
in an airtight container. The end nearest the spot 
dips into a reservoir of solvent, and liquid is 
allowed to flow over the paper by capillary action. 
The substances migrate at different rates and 
arrange themselves as spots on the paper. A wide 
variety of chemical tests or physical measure- 
ments can be used to locate the spots. 

Paper Chromatography . Increased resolving 
power can be obtained if a square of paper is em- 
ployed. After the chromatogram is run in one 
direction, the solvent is dried off and the paper 
then turned through a right angle and run with a 
second solvent. Each spot from the first chromato- 
gram thus serves as the starting point for a second 
chromatogram with a different solvent. The com- 
ponents in the mixture are thus spread over the 
paper to give a two-dimensional pattern. Identifi- 
cation of a substance on a paper chromatogram is 
usually achieved by demonstrating a coincidence 
in the rate of travel in several solvents of the un- 
known and an authentic sample of the substance 
in question. Among the virtues of the paper 
chromatogram are its simplicity, and the fact 
that it can be done on a very small scale, fre- 
quently requiring only micrograms of material. 

Chromatography has been used to fractionate 
many kinds of mixtures of organic and inorganic 
compounds, for example, organic acids and bases; 
slciols; hydrocart*. ms; amino acids, peptides, and 
proteins; purines and pyrimidines; carbohydrates; 
phenols; and inorganic anions and rations. Indeed, 
it seems likely that, eventually, any substance 
that cun be brought into solution or vaporized 
easily will become amenable to chromatogruphic 
separations. Finally, the flexibility of the chro- 
matographic method renders it a sensitive analyti- 
cal technique on the microgram or milligram scale, 
and a preparative procedure on the hundred mg. 
or gm. scale. 

William H. Stein 
Cross-references: Analytical Chemistry , Adsorp- 
tion 
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Chromium (atomic weight 52.01; electrons in 
shells 2, S, 13, 1; Croup VI of Periodic Table) was 
discovered by L. N. Vauquelin in 1707 in the red 
Siberian mineral crocoisite, lead chromate, lie 
named the element chromium because of the bril- 
liant. and diverse colors observed in most of its 
compounds. Two years later, the element was 
found in chromite or chrome iron ore |Fe(CK) 2 )* 
or FeO*Cr a O*|. This mineral is the industrial 
source of chromium. High-grade ores have been 
mined in Turkey, Iihodesia, Now Caledonia and 
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the Phillipines; lower grade ores in the Transvaal, 
Cuba and India. High-grade ores should contain 
about 48% chromic oxide (Cr 2 Oi). Modern meth- 
ods have made it possible to utilize poorer ores. 
The U. S. normally imports 750,000 tons of chro- 
mite annually; these requirements were doubled 
during the War. »Small amounts of the ore Are 
mined in California and Oregon. 

Chromium metal iH white with a bluish tint ; it 
is hard, brittle, does not tarnish and is rather in- 
active chemically. The density is 7. and the melt- 
ing point above 1800°C. Dilute acids attack the 
metal but concentrated nitric acid renders it 
“passive”. The pure inetal is obtained by reduc- 
ing the oxide (Cr 2 0 3 ) with aluminum. Chromium 
ores are stockpiled by the II. S. Government, for 
refractories, metallurgical and chemical purposes. 

Chromite is made into bricks for lining high- 
temperature furnaces. Chromium is an essential 
constituent of many alloys. Ferroehromc is made 
by the reduction of chrome iron with carbon in the 
electric furnace. Alloy steels, often containing 
nickel, vanadium and tungsten in addition to 
chromium, are resistant to corrosion, and have 
great tensile strength and hardness. They are 
used for cutting tools, motor car parts, safes, 
armor plate, and projectiles. Stainless steel con- 
tains 11 to 13% chromium. Xouferrous alloys in- 
clude “Nichrome” (nickel and chromium), used 
in electrical resistances, and “Stellite” (chro- 
mium, cobalt, and tungsten), used in cutlery. 

The pri ,eipal valences are +6 and +3. Chro- 
mous compounds H-2) are well defined but less 
important. As with vanadium and manganese, 
which resemble chromium chemically, the lower 
valence states are metallic (basic), forming the 
ions Cr 42 and Cr 4- *, while the six valent state is 
acidic and forms the ions CrO* 2 and CrjtV' 2 . 

Chromates and dichromates have a valehce of 
+6. Chromite is the raw material from which other 
compounds of chromium are made. Oxidation of 
chromium to a soluble chromate occurs when a 
mixture of the finely ground mineral with lime, 
and soda is heated on the hearth of a reverbera- 
tory furnace with full access of air. Sodium chro- 
mate (Na 2 Cr() 4 ) is extracted with water, and sul- 
furic acid is added to form the dichrornate: 

2Na*0r0 4 + H 2 S0 4 * Na 2 C>,() 7 + Na 2 S0 4 -f H 2 0. 

On standing, sodium sulfate crystallizes out and is 
removed. The solution is concentrated, and red, 
deliquescent crystals of sodium dichrornate 
(Na2Cr 2 072lT 2 0 ) separate, on cooling. Potassium 
dichrornate (K 2 Cr 2 () 7 ) may be obtained from a 
solution of sodium dichrornate and potassium 
chloride; it is less soluble and more expensive. 
Ammonium dichromate [(XH 4 ) 2 Cr 2 0 7 | is made in a 
similar way. 

Dichromates are red, and usually soluble. Alka- 
lies convert dichromates to chromates : 

Na 2 Cr 2 0 7 + 2NaOII - 2Na 2 Cr0 4 -f TI 2 0 

and acids reverse the process. These changes do 
not involve oxidation or reduction; the valence of 
chromium is +6 in both chromates and dichro- 
mates. Chromates are usually yellow, (silver chro- 


mate, Ag 2 Cr0 4 , is red) ; chromates of heavy 
metals are usually insoluble. 

Chromium trioxide (CrO*) is formed when potas- 
sium dichrornate is treated with concentrated 
sulfuric acid. The red needles are extremely solu- 
ble in water. The solution, often called “chromic 
acid”, appears to contain the ions Cr0 4 " 2 , 
HCrOr 1 , and Cr 2 07~*- Pure chromic acid has not 
been obtained. A mixture of a dichrornate and con- 
centrated sulfuric acid is a powerful and corrosive 
oxidant; it is often used for cleaning laboratory 
glassware. Contact with the skin should be 
avoided. Chromium trioxide decomposes when 
heated, forming green chromic oxide |(V 2 0 3 | and 
evolving oxygen. Ammonium dichrornate acts in a 
similar way ; when a small amount of the solid 
compound is heated at one point in the mass, the 
reaction is self-sustaining and the red dichrornate 
is changed to a voluminous mass of green chromic 
oxide. In this ease, nitrogen is evolved. 

Chromylchloridc lCr0 2 Cl 2 | a derivative of the 
Irioxide, is formed by heating a mixture of a di- 
chromate, a chloride (Nad), and concentrated 
sulfuric acid. Red vapors distil ofT, which condense 
to a red liquid. This reaction servos to distinguish 
chlorides from bromides and iodides, which do not 
form chroinyl compounds. Severe explosions of 
chroinyl chloride have been repored. Solutions of 
chromates and dichromates arc toxic, and dust 
from such compounds may constitute an indus- 
trial hazard. 

There are many uses of sodium and potassium 
chromate and dichrornate, including the tanning 
of leather, as a mordant for textiles, the pickling 
of metals, a preservative for wood, the manufac- 
ture of dyes and intermediates, a powerful oxidant 
in analytical chemistry and in organic syntheses, 
and iu the manufacture of pigments Chrome 
Yellow is lead chromate, Chrome Red, a basic 
chromate of lead, and Zinc Yellow, a basic chro- 
mate of zinc, used in corrosion inhibiting paints 
for steelwork on ships, and light alloys for air- 
craft. 

Chromic compounds have a valence of +3, and 
are colored violet or green. A number of chromic 
salts have been prepared in two or more forms (1 ) 
violet salts which contain the ion Cr 4,1 or 
ICrdbO)*] 4 *, and green compounds in which part 
or all the chromium is present as a complex ion. 
In some cases, two or more green modifications 
have been reported. 

Chromic euljatr |( 1 r 2 (S0 4 ) 3 l is formed by the 
reduction of a dichrornate by sulfur dioxide in the 
presence of sulfuric acid. It combines with potas- 
sium sulfate to form chrome alum, K2NO4C1V 
(S0 4 )a*4II 2 0 or KCr(S() 4 ) 2 - 12II»0. In ; industry, 
large amounts of chrome alum are obtjuined as a 
by-product in the oxidation of anthracene to an- 
thraquinonc by potassium dichrornate. A solution 
of cdiromc alum in cold water is violet; if heated 
to 70°C. it becomes green. Chrome alum is used 
as a mordant, ard in tanning leather. 

Chromic hydroxide |Or(()li)a|, a grayish green, 
gelatinous substance, is precipitated by alkalies 
from solutions of chromic salts. It dissolves in un 
excess of sodium hydroxide, forming a green solu- 
tion, probably containing a chromite, NaCrOi . 
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Green chromic oxide (Cr 2 0 3 ) is made by healing 
the hydroxide, or ammonium dichromalc. It is 
used as a catalyst and is an excellent but rather 
costly pigment. 

Chromic chloride (CrCl.0, violet plates, is ob- 
tained when chlorine is passed over a healed mix- 
ture of chromic oxide and carbon. It is insoluble 
in water but dissolves readily if a trace of chro- 
mous chloride (CrCl 2 ) is added. A violet, and 
several green forms are known. 

Chromous compounds have valence -f 2. When 
a red solution of a dichromate is reduced by zinc 
and hydrochloric acid in an atmosphere of hydro- 
gen, the color changes to green (CrCIa), and 
finally to intense blue. The blue solution contains 
chromous chloride (CrCl 2 ). Chromous salts find 
some applications in chemistry as extremely pow- 
erful reducing agents. They oxidize, spontaneously 
to chromic salts upon contact with air. 

Chromium is a constituent of many interest- 
ing compounds, which have, as yet, no industrial 
uses. 

Chromium hexnrnrbonyl [Cr(CO) B | v a stable, 
white solid, is formed when a suspension of chro- 
mic chloride in an ethereal solution of the Grig- 
nard Reagent (MgCrJT'Ti^ is acted on by carbon 
monoxide under pressure. It- is purified by distilla- 
tion. The shape of the molecule is octahedral. 

Hein prepared a remarkable series of organo- 
chromium compounds, containing three, four and 
five phenyl groups. The formulas reported, such 
as (Callb)iCrOH, tetraphenyl chromium hydrox- 
ide 1 , indicated the unusual valence of five for chro- 
mium. All of the compounds are red. 

Chromium, like cobalt and platinum, is the 
central atom of a large number of coordination 
compounds. The coordination number is six, and 
the shape of t lie complexes is octahedral. The 
chromium amines, such as (Cr(Nll 2 )«)('ls , closely 
resemble the corresponding compounds of cobalt, 
even in color. Werner obtained optically active 
isomers from the cis-ethylenediamine salt 
[(CrCUeiiflCll as well as from the trioxalato- 
chromutet 111) Ka(Or(CJ 2 C) 4 ) 3 | , a final proof the 
octahedral configuration, Chromium also forms 
many coordination compounds containing eyano 
gen and thiocyanate groups. Keinecke’s salt 
f (Nil 4 ) (Cr(NH*) a (CNS) 4 )|, used in biological 
chemistry, belongs to this class. 

Detection und Estimation, ('hromium com- 
pounds produce an emerald green color in the 
borax bead, when heated in the reducing flame. 
If a chromium compound is fused with solid po- 
tassium hydroxide and nitrate, a yellow chromate 
results. 

If hydrogen peroxide is added to a solution of 
a dich minute containing a little sulfuric acid, and 
the mixture then shaken up with a small amount 
of ether, a blue ethereal layer is formed above the 
aqueous solution. The blue color is due to the 
formation of a perchromato, probably Cr() 5 . 
Several series of perchromat.es have been reported, 
one red in color. The valence of chromium is prob- 
ably 6 in these compounds. 

Chromium may be estimated quantitatively in 
chromic salts by precipitating the hydroxide with 
ammonia, and igniting to the oxide. 


The estimation of chromium in chromates and 
dichromatcs is usually effected by volumetric 
methods. These usually depend on the oxidation 
of ferrous salts or the liberation of iodine from 
potassium iodide. 

T. P. McCutciieon 


CLARIFICATION 

Clarification is one of many processes used to 
separate solids from liquids. It is an unusually 
important industrial operation involving gravita- 
tional settling of suspended solids and the removal 
of a more or less clear, liquid portion. The applica- 
tion of this process is particularly desirable when 
the quantity of material to be treated is quite 
large and perhaps too great to handle by ordinary 
filtration methods. 

The settling rate of particles suspended in a 
licpiid under the influence of gravity is governed 
by many factors, namely the physical properties 
of the solid phase and the liquid medium, the den- 
sity of the suspension, and the presence of floccu- 
lating forces peculiar to the pulp in question. Dur- 
ing the? initial stages of settlement at high dilution 
ratios of licpiid to solids, the terminal settling velo- 
cities of all the particles are practically constant 
and can be determined by Stokes* formula: 

<MV ( p« — p) 


when; g j. = local acceleration due to gravity, 
ft /(sec.) 2 

l) v = diameter of particle, ft. 
p» = true density of particle, lb. mass/ft. # 
p = fluid density, lb. mass/ft. 3 
m = fluid vi-cosity, lb. mass/ (ft.) (sec.) 
lit = terminal settling velocity of particle 
under action of gravity, ft. /sec. 

However, a condition may soon be reached when 
the falling particles exert a mutual interference 
and the particles then tend to settle collectively 
at a reduced velocity. A pul]) concentration is 
finally achieved after which the settling rate is 
greatly retarded. This point of sedimentation is 
usually regarded as separating the initial “clarifi- 
cation” and the final “thickening” zones. In the 
thickening zone, much of the water is eliminated 
through consolidation and compression by virtue 
of * he overhead weight of other particles. Com- 
mercially, the dewatering efficiency in this stage 
is greatly improved by a gentle stirring action of 
rakes which changes the random arrangement of 
particles and results in a greater degree of com- 
paction. 

The above principles of sediment alion have been 
utilized for centuries in many different ways. The 
original methods of clarification or thickening 
involved the use of flat-bottomed settling tanks 
operated on a batchwise basis. These tanks would 
be filled with dilute pulp and the solids permitted 
to settle for the required period of time, after 
which the supernatant liquor was removed by 
decantation and the settled sludge manually dis- 
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charged by shoveling- This procedure would usu- 
ally be periodically performed in a multiple 
number of units so that a continuous supply of 
processed material could be maintained. 

Somewhat later attempts were made to develop 
continuous methods of thickening. Some success 
was achieved by the use of cone-bottomed tanks 
to which the feed was admitted continuously. 
The clarified liquor was continuously overflowed 
at the top and the underflow of thickened sludge 
discharged through an opening at the bottom. Tin 1 
main disadvantages of this system were (1) build- 
up of solids on the walls of the equipment, (2) size 
limitations and multiplicity of units required for 
large-scale operations, (3) nonuniform density of 
underflow product, and (4) excessive labor require- 
ments to assure good operation. 

The greatly improved devices for thickening 
now available are very similar in that they consist 
of a large shallow settling tank, an overflow' for 
the clarified liquor, and most important , a suitable 
mechanism for the positive removal of the thick 
underflow sludge. The Dorr, Denver, and Hard- 
inge thickeners are among the several principal 
makes currently marketed, and the major differ- 
ence between the various units is associated with 
the type of mechanism employed to discharge the 
settled solids. For this purpose, movable rakes, 
plows, drags, and internal scrolls have been used 
in different forms and arrangements. 

In the operation of the usual thickener, the feed 
is eonti’ uously introduced at the surface near 
the center or the rim of the tank and in such a 
way as to avoid undue turbulence. The solids 
which settle to t he bottom are slowly rukcd toward 
a center discharge opening by means of the rcvolv 
ing mechanism. The liquid, colloidal material, and 
any unsettled solids overflow continuously into a 
collection channel over the whole periphery or 
segment thereof, depending on the method of feed- 
ing employed. Mechanical continuous thickeners 
have been built in sizes ranging up to 325 feet in 
diameter. For eases where the availability of floor 
area is limited multi-compartment units with as 
many as live compartments are also obtainable. 

Thickeners are employed in numerous metal- 
lurgical arid chemical process applications, e.g. as 
well in the production of fertilizers, beet sugar, 
cement, magnesia, alum, and many other prod 
uets. They are also employed for thickening flota- 
tion concentrates, for recovering fine coal in coal 
washing plants, for water softening and sewage 
purification. 

Walter C. Lapple 

Cross-references: Colloid Chemistry, Filtration 


CLASSIFICATION 

This term refers to separation of particles of 
various sizes by mechanical means, including 
screens, settling tanks, clarifiers, etc. The prod- 
ucts of many chemical reactions involving solid 
materials may he seriously damaged in quality 
and appreciably lowered in yield if the reaction 
does not go to completion, or if the products and 


reactants are allowed to remain in contact after 
the primary reaction has been completed and un- 
desired secondary reactions are permitted to oc- 
cur. Consequently, for many reactions, it is neces- 
sary that all particles be of similar size so that 
reactions can go to completion with a minimum 
production of unreacted cores and of products of 
side or secondary reactions. 

Very tine particles of a material may also have 
deleterious effects in a reaction mass other than 
directly harming the quality of the product. They 
may consume reacting chemicals without, produc- 
ing any usable end products. The presence of the 
fines may create difficulties in circulating reacting 
liquids or gases through the solids. They may be 
difficult to remove from products or otherwise 
complicate operations of purification after the 
reaction is completed. 

The most accurate method of sizing solids is by 
separating them on the basis of their cross-section, 
thickness, diameter or other dimension. The sepa- 
ration is carried out by removing that material 
which \\ ill go through an opening of a set size 
from that which will not. 

A second technique for size classification is 
based on the fact that a large particle of the same 
density as a small one has less exposed surface 
per unit of weight and will therefore be less af- 
fected by its surface as it pusses through a gaseous 
or liquid medium. Put more simply, a large parti- 
cle will settle more rapidly if dropped in a fluid 
(gas or liquid); it will travel farther horizontally 
in a fluid if given an equal initial horizontal veloe • 
ity; it will be lifted with greater difficult y, and 
carried a shorter distance by a stream of fluid 
and dropped more quickly if the fluid stream is 
suddenly reduced in velocity; or if acted upon by 
centrifugal force while suspended in a fluid, it. 
will be thrown out of the fluid with greater ease 
than will the smaller particle. 

A third technique is based on the fact that a 
large particle is less impeded in its travel down an 
inclined roughened surface than is a small particle. 

Although solid materials in the form of a eon 
tinuouK filament such as thread or a continuous 
sheet such as paper is graded on the basis of actual 
thickness, the normal conception of classification 
by dimension is an operation known as screening, 
a technique particularly adaptable to disinte- 
grated solids. 

Screening equipment is manufactured by a 
aiiumber of firms. Since each attempts to meet, 
competition, it is not surprising that there is such 
a large variety of screens available. As major divi- 
sions, there are rotary screens and flat screens; 
the latter may be vertical, inclined, orihorizontal, 
and may bn stationary, traveling, shaking, or 
vibrating. Screens may be arranged to operate 
on dry materials or on materials suspended in a 
liquid. 

Screens have two major parts: the screen sur- 
face, ami the mechanisms for presenting fresh 
material to the screen surface and for moving the 
oversize off the semen. Auxiliaries, such as positive 
means of moving nuiteriul through the screens, 
and devices to dislodge blinding particles, reduce 
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dusting, regulate feed, and remove products are 
often provided. 

Solid material, fine enough to he floated or car- 
ried by a stream of gas or liquid but still heavy 
euough to settle if allowed to remain in a quiescent 
state, presents good possibilities for separation 
into size ranges. Moreover, separations which 
make use of this property often can be accom- 
plished at a fraction of the* cost of the screening 
operations. The accuracy of separation is some- 
times not as good as that obtained with the screen, 
but with the latest improvements, claims are made 
for accuracies which are quite remarkable. 

The technique of selective settling from a quies- 
cent medium is usually limited, on a practical 
scale at least, to settling solids out of liquid media. 
In this technique the solid mixture, suspended in 
a stream of the liquid, is directed by the stream 
into some type of equipment w r hich has a reason- 
ably large volume and in which the speed of liquid 
How is greatly reduced. The heavier solid particles 
are settled out, while the lighter ones leave with 
the liquid in the overilow r . 

Classifiers, decanters, or thickeners serve as 
equipment for this purpose. All provide a settling 
basin, an overflow for the water carrying the finer 
particles, and some means for removing the heav- 
ier particles which settle out. 

If slight or sometimes quite energetic agitation 
is given the suspending media, the settling of liner 
particles may be hindered to such an extent that 
heavier particles will pass through the suspension 
and will be deposited in layers roughly indicative 
of their size. Several operations have been de- 
veloped using this principle. None are presently 
of any particular commercial importance. 

If solid material is held in suspension in either 
a gas or a liquid, and if the suspension is caused 
to rotate rapidly around a guide, the solid material 
will be thrown out by centrifugal force; the finer 
or lighter the particle, the faster the rotation 
must be to effect removal by this means. Conse- 
quently, by changing the diameter of the unit, or 
the velocity of stream flow, size separation can be 
obtained. 

Air separation is most important, and there are 
many makes of such equipment. These units all 
have the same basic design and vary only in detail. 
In some types the motion of the gas through the 
unit is induced entirely by introducing the air at 
high speed tangentully into a cylindrical or conical 
chamber; in the others the speed of the air is cre- 
ated by a centrifugal fan located in the separator 
in such a fashion as to w r hirl the gas within the 
so pa rat ion chamber. 

The nrinciple that a large particle will be less 
influenced by a roughened surface over which it. 
rolls than will a small one of the same density is 
the basis for several separation techniques. The 
methods in use are given the general descriptive 
name of “tabling". The separation can be carried 
out on a wet table, a dry table, or in a so-called 
"spiral concentrator". 


CLATHRATE COMPOUNDS 

In 1886 My bus made careful observations on 
complex compounds formed by quinol with certain 
volatile compounds, such us hydrogen sulfide, 
sulfur dioxide, and hydrogen chloride. He found 
these compounds to contain three or four mole- 
cules of quinol to each molecule of the other com- 
ponent. He suggested that no ordinary combina- 
tion occurred between the two types of compounds 
but that during crystallization the quinol mole- 
cules were in some way able to lock the volatile 
compounds into position without, chemical bond- 
ing. It seemed probable that the eompounds re- 
sulted from t he complete enclosure of one molecule 
by two or more molecules of another component, 
in such a manner as to prevent escape unless the 
strong forces which bound together the enclosing 
molecules were broken. 

Palin arid Powell verified this work. They found 
that the quinol molecules link together through 
hydrogen bonds to form infinite three-dimensional 
complexes of trigonal symmetry and that, these 
giant molecules may enclose a second component. 
Powell observed the firmness with which they 
were held together though their components ap- 
peared to have no strong attractive forces between 
them. He observed that they were held by the 
enclosure of one by the other, of both by each 
other, or by some other uncommon mechanism, 
because of this unusual type of binding he pro- 
posed that they be called “clathratc" compounds, 
from the Latin word clnthratus meaning enclosed 
or protected by cross bars of a grating. 

It has been observed that size and type of bond- 
ing within the cagelike portion of the molecule 
are important factors. The spaces must be 
bounded to proven* escape of the enclosed mole- 
cules and the molecule to be enclosed must be 
properly oriented when the cage is closing. Jn 
certain types of dissociation reactions molecules 
have been obsoi ,r ed to escape from within the 
“cages". 

In general the preparation of clathrate com- 
pounds is cpiite simple. Many have been prepared 
merely by crystallization from a medium com- 
posed of the molecules to be enclosed. The result- 
ing crystals arc stable under ordinary conditions 
but decompose when heated near their melting 
points, when dissolved in water or when ground 
in a mortar. 

T ■ explain the structure of those compounds 
Powell introduced the encirclement formula. Such 
formulas may be used where (* gives the composi- 
tion of the cage and M that of the enclosed com- 
pound. The formula, 



shows a simple clathrate molecule. The formula, 


B. E. Laueh 
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indicates nn infinitely extended complex in a 
crystal. The formula of any clatlirate eonipoiind 
is determined by the ratio of available cavities 
to the amount of cage material. To illustrate, 
the encirclement formula for the compound 
3C«IM<)H ij’SOa , may be written: 



The interlocked rings denote mutual enclosure of 
two identical cageworks. The subscript X outside 
the brackets shows that the cages are infinitely 
extended and that there is multiple enclosure of 
each cage work by the other. The resulting unoeru 
pied sp.M-p is filled by the inorganic molecule, S() 3 . 
Powell employed the following diagram to explain 
the restrictions of the SO* molecule within the 
cage: 



According to this representation the enclosed 
molecule, M, could escape by pushing apart the 
two independent portions of its cage, against their 
van der Waals attraction. Although this may be 
a large force, nevertheless if an attempt is made 
to enlarge the holes of exit the cages will neces- 
sarily be brought together more closely elsewhere. 
Larger repulsion forces will result and prevent 
enlargements of the exits. The effectiveness of 
these forces is contingent upon the stability of 
both the 11-bonds and the covalent linkages. 

The general encirclement formula, 



may be applied to all clatlirate compounds. In 
the formula NM there may be: 

(1) A whole number, X, of molecules of compo- 
nent M. 


(2) Any fractional amounts of two or more en- 
closed molecules that add up to a whole number. 

(3) Fractional amounts, as in (2), with the 
qualification that one of the enclosed molecules 
must be present, in some minimum proportions 
needed to trap the* other enclosed components. 

(-1) Fractional amounts that do not add up to 
a whole number. This situation may occur when 
some of the cavities are unoccupied. 

Volume alone, not chemical nature, determines 
the type of molecule, M, to be enclosed. The lower 
and upper limits of the size of M are governed by 
the size of the cavities and the sizes uf the avail- 
able exits in the framework. Physical methods are 
used to make the final decisions in assigning com- 
pounds to the clatlirate group. However, prelimi- 
nary assignments may be made as a result of in- 
vestigations as to properties, molecular ratios, 
relative volumes of components, and the behavior 
of homologous or related substances. 

Si sr Kit Maky Maktinkttk 
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In general the term “elav” implies a natural 
earthy, fine-grained material which develops 
plasticity when mixed with a limited amount of 
water. By plasticity is meant the property of the 
moistened material to be deformed under the ap- 
plication of pressure, the deformed shape being 
retained when the deforming pressure is removed. 
Chemical analyses of clays show them to be essen- 
tially silica, alumina and water, frequently with 
appreciable quantities of iron, alkalies^nd alka- 
line earths. The term “clay” has no genetic sig 
niiicance, but is used for material that is the prod- 
uct of weathering, has formed by hydrothermal 
action, or has been deposited as a sediment. As a 
particle size term, the clay fraction is the one 
composed of the smallest particles. 

Quantitative chemical analysis alone does not 
explain either the differences in properties some of 
the Hays exhibit, although their composition as 
found by analysis is the same, or why some clays 
have similar properties although they differ in 
chemical composition. Some of the reactions, like 
gelation, led to the assumption that clays repre- 
sent matter in the amorphous state. The intro- 
duction of two new research tools, the x-ray dif- 
fraction technique and the electron microscope, 
demonstrated that Hays have a crystalline struc- 
ture. The great variations in properties ran be 
accounted for only by assuming that the Hay min- 
erals are composed of comparatively pimple build- 
ing units, and that the differences are primarily 
due to the manner in which these units are put to- 
gether. 

The “mortar” used in the building of the clay 
minerals is the unsat unit ion of thbir ultimate 
building units. For example, a silicon atom will 
share four electrons with a neighboring atom 
(Si = -f4). An oxygen utom needs two electrons 
for saturation (() « —2). Therefore, the silicon- 
oxygen tetrahedron (Si<) 4 ) is not saturated. If 
several of these tetrahedra combine by sharing 
oxygen atoms, a chain like structure results. In 
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such a chain, two of the oxygen atoms belonging 
to every silicon atom remain unsutu rated. This 
deficiency can be compensated for by adsorbing, 
for example, sodium ions. This will result in a 
fibrillar aggregate known as sodium silicate or 
water glass. The fibrous structure and the high 
degree of hydration of the sodium ion explain the 
high viscosity exhibited by solutions of water 
glass. 

The electrical forces associated with a colloidal 
particle in an electrolytic medium arise from two 
sources. One set of forces arises from the ions 
which are rigidly bound to the surface of the 
particle, and the other is due to the ions of oppo- 
site sign which concentrate around the particle 
in an effort, to neutralize its charge. Inasmuch as 
the particle still carries a net eharge, the number 
of counter ions must be insufficient for neutraliza- 
tion. Since some ions of opposite sign are randomly 
floating in t lie dispersion medium, it will carry a 
eharge opposite to that of the colloidal micelle. 

Owing to the adsorption of ions from the disper- 
sion medium by the colloidal particle or to the 
dissociation of ions from its surface into the dis- 
persion medium, as is typical for clays of the 
bentonite group, the de/iersion medium will pos- 
sess an excess of ions of a charge opposite to that 
of the particles. This is evidenced by the phenomo 
non known as the elect mviscous effect, which is 
due 1o a drag caused by the dispersion medium 
carrying the counter charges moving toward one 
pole and the dispersed particles moving to the 
other pole in an electric field. This electric field, 
if of sufficient strength, ran cause condensation 
and orientation of the colloidal micelles. This 
condition will exist until the attraction forces 
resulting from the eharge on the particles and the 
ions iu tlu; dispersion medium are in balance with 
the forces of repulsion between the ions in the 
adsorbed diffuse layer and those freely moving in 
the dispersion medium. Thus, a thixotropic gel 
will form, but it will immediately revert to a sol 
if the free movable ions are redistributed, for 
example by agitation. If the concentration, va- 
lency, or hydration of the counter ions are such 
that the magnitude of the net charge of the collo- 
idal micelle or the thickness of the diffuse double 
layer is so reduced that van der Wauls' attraction 
forces come into play, coagulation will result. 

•The most important and interesting phenome- 
non exhibited by those clay minerals which will 
form, a colloidal micelle upon contact with water 
is the ion -exchange reaction. This reaction was 
originally recognized by Thompson in his investi- 
gations of the properties of soils; the first syste- 
matic work on it. was done by Way. 

As has been shown, the ultimate clay crystal 
carries u net negative charge. This charge results 
from anion adsorption onto the surface or from an 
unbalanced crystal lattice. The clay particle 
is a very complex anion. Therefore, to balance its 
charge, the particle will have the tendency to 
adsorb the necessary number of cations available 
in its environment. When such a clay particle is 
then redispersed in water, these cations will hy- 
drate and, depending on their valency and degree 
of hydratability, will dissociate to a certain dis- 


tance from the surface of the particle and thereby 
build up a diffuse electric double layer and give 
rise to the formation of a colloidal micelle. There- 
fore, one may compare the suspended clay particle 
with a dissociated electrolyte, the size of one of 
its ions falling within the colloidal range of dimen- 
sions. A similar condition exists in the case of soap, 
w'herc the sodium ion, owing to its hydration, will 
dissociate from the fatty acid ion w r hen the soap 
is brought into contact with soft water. If hard 
water is used, however, then the divalent and less 
hydrated calcium ions contained therein will ex- 
change for the sodium ions und form the far less 
soluble calcium soap. 

By the same mechanism the so-called counter 
ions belonging to the clay particle may also ex- 
change with ions present in the dispersion medium 
if these ions have a higher valency and therefore 
have less tendency to carry adsorbed water mole- 
cules with them. The magnitude of this ahilily to 
adsorb cations depends on the structural con- 
figuration of the nucleus of the colloidal elav mi- 
celle. It is expressed in millicquivalcnts of cations 
per 100 grams of clay. Below' are given the ex- 
change capacities of the most, important clay 
minerals. 


Minrral 

Montinorillonitc 

Attapulgite 

lllile 

Kaolinite 


Base-Exchange Capacity 
(mcq./lOO g. of clay) 

60-- 100 
25-30 
20-4 
3 15 


Ion exchange reactions of days are important 
in explaining such phenomena as plasticity, dry 
strength, thixotropy, dilataucy, and many other 
properties characteristic of the day minerals. 

In the formation of bentonite particles, frac- 
tures parallel to th*» i -axis seldom take place. On 
these surfaces a diffuse double layer can theoreti- 
cally be formed, that is, first a layer of preferen- 
tially adsorbed hydroxyl ions and then the counter 
ions in a diffuse arrangement. The presence of 
hydrogen as the counter ion, all other factors 
being constant , would give the greatest attraction 
force at the edge of the water hull, and therefore 
the greatest plasticity. The least plasticity should 
be exhibited when sodium ions serve as counter 
charges for Ihe preferentially adsorbed hydroxyl 
groups. 

Dilataucy has so far been observed only with 
hydrophobic suspensions, and the lower the sta- 
bility of the dispersion the more pronounced the 
phenomenon becomes. Furthermore, only such 
systems have exhibited dilataucy whose particle 
size is not smaller than the upper limit of the 
colloidal range of dimensions. 

Clay dispersions exhibiting thixotropy are char- 
acterized by such a distribution of ions in their 
diffuse double layer, resulting either from adsorp- 
tion by aiided electrolytes or from surface dissocia- 
tion, that, the particles with their solvated hulls 
w r ill take on equilibrium positions if left undis- 
turbed. However, if disturbed, the solvated hulls 
are disrupted and the particles can then move 
around freely. This concept is substantiated by 
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the sudden change in light transmission when a 
bentonite sol sets to a gel, and is also in line with 
Langmuir’s mathematical treatment of thixo- 
tropic systems, which concludes that the particles 
in the gel are placed like ions in a crystal and lie. 
at considerable distance (up to 5000 A.) from each 
other. They arcs locked into place by the balance 
of far-reaching attraction forces and appropriate 
repulsion forces set up by the interplay of the sur- 
face ions of the clay crystal and the free ions in 
the dispersion medium. 

The phenomenon of rheopexy has so far been 
observed only with a few systems which are know'll 
to be thixotropic. Fine-part icle-size fractions of 
Na-bentonite exhibit this property. Whereas the 
setting up of a thixotropic gel does not call for any 
preferential alignment of the dispersed particles, 
ul tram ic rose opic studies of rheopectic systems 
indicate that the rhythmic* motion applied to the 
sol orients and aligns the platey particles and 
thereby accelerates their taking up the equilib- 
rium positions. 

The phenomenon of stream double refraction 
may also be demonstrated by using a monndis 
perse Na-bentonite sol of about 1 per cent concen- 
tration. Such a sol is quite clear to the eye, has 
practically the same viscosity and surface tension 
as water, and exhibits pronounced birefringence 
even at very low* rates of flow. 

Industrial Applications. Of all the industries 
in which clay minerals are of importance, the ce- 
ramic industry is of course predominant. It is the 
property of plasticity, so characteristic of clays, 
which permits their being formed to practically 
any desired shape. However, not all clays exhibit 
this property to the same degree, and therefore 
pottery was for centuries an art w hich had to rely 
on trial and error tests before the suitalrility of a 
clay or mixtures of different clays could* be es- 
tablished. With the comparatively recent develop- 
ment of the concept of the clay particle as a colloi- 
dal micelle, it has not only been possible to offer 
a better understanding of such properties as 
plasticity, dry strength, shrinkage and others, 
but it has also been clearly shown that the change 
of ceramics from an art to a science is at hand. 

Since clay is one of the fundamentally most im- 
portant substances in soils, it is understandable 
that more attention is now* being paid to clay 
research in connection with agriculture than ever 
before. The clay content and the type of clay pres- 
ent in the soil control above all its moisture con 
tent, its ability to supply w*ater, its acidity, its 
tilth, and its general properties. 

The ion -exchange reaction of clay minerals has 
also become of importance in the domain of con- 
struction engineering. The application of this 
colloidal phenomenon for the reduction of soil 
permeability or seepage is so far the most striking 
evidence for the value these new* concepts have in 
fields where the application of chemistry was 
unknown only a short time ago. 

As far as drilling muds are concerned, a sodium- 
bentonite clay is introduced into the used w*ater 
to obtain a thixotropic system. The purpose of 
the inud is to hold the rock fragments obtained 


during the drilling of an oil well in suspension if 
the drill is at rest so that they do not sediment 
and form a cake around the drill and shaft. How- 
ever, when the drill works it should find a mini- 
mum of resistance, and the liquid carrying the rock 
fragments or sand should have a low viscosity, so 
that it can be easily removed from the bore hole 
by pumping. A dispersion of clay w*hose repulsive 
and attractive forces have been so adjusted that 
a thixotropic system is created fulfills these re- 
quirements. 

One of the most interesting and recent discov- 
eries in the field of the applied colloid chemistry 
of elavs is their use in the production of coherent , 
self-supporting, flexible films and their applica- 
bility as the basic material for moldable plastics. 
These films have been termed “Alsifilm” (a/umi- 
num niUcnto films) . 

Fkxst A. IIauskk 
Cross-references: Colloid Chnnixtry 


COACERV ATION 

The term “coacervation” was first used by H. K. 
Kruyt and H. (». Bungenberg dejong in 1929 to 
describe the partial miscibility of optically iso- 
tropic liquids in which at least one of the liquids is 
macromolecular or colloidal in nature. The macro- 
molecular or colloidal equilibrium liquids are 
known as coace r vales. 

If a solution of sodium sulfate is added to a warm 
gelatin solution, the gelatin solution can be made 
to contract so that it no longer fills the entire 
volume occupied by the water and sodiunTsulfatc. 
Droplets of more concentrated gelatin solution 
first separate. On standing, these coalesce to form 
a separate liquid layer of the more concentrated 
gelatin solution. A warm solution of gelatin and 
gum arabie, in which each constituent has a con- 
centration of about 10%, forms a single-phase 
solution at pH 4.5. If this solution is diluted, the 
gelatin -gum arabie solution can be caused to con- 
tract and two liquid phases form. Starting with the 
same 10% mixed solutions of gelatin and gum 
arabie, two liquid layers also form if the system is 
concentrated. One of the layers is rich in gelatin 
and the other rich in gum arable. Both liquids are 
coacervates. If chloroform is added to u 3% solu- 
tion of cellulose diacetate in eertain alcohol- 
chloroform mixed solvents, a more concentrated 
solution of cellulose acetate can be caused to 
separate. 

These are examples of coacervation. The phe- 
nomena are of very wide occurrence and apply to 
many macromolecular solutions. They give rise to 
dispersed systems in w*hich, in a certain sense, the 
dispersed phase is the same as the gontinuous 
phase such as water in water. More specifically, 
the same continuous liquid phase exists through- 
out two immiscible liquids, the discontinuity be- 
tween the phases being caused by an expanded 
liquid such os gelatin. 

To define an expanded liquid will clarify the 
nature of the coacervation process and the physi- 
cal differences underlying liquid immiscibility 
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involving coaccrvalcs and liquid immiscibility 
involving ordinary liquids. 

In many ordinary solutions, the solute or dis- 
solved mutt* rial is considered to be present in a gas- 
like stale. Among mucromolcculnr materials, the 
so culled solute, such as gelatin in the above 
examples, can be present in a liquid like state even 
at very low concentrations. 

The liquid state is chiefly characterized by co- 
hesion or continuity and flow, while the gaseous 
state does not have cohesion or continuity but 
does flow. A gas tends to fill the entire space avail- 
able. A liquid has a limited volume and tends to 
t ake the shape of the container. Gases are miscible 
in all proportions while liquids can exhibit partial 
miscibility. 

The chain like or randomly kinked nature of 
many mucrornolecular materials permits them to 
form a continuous network throughout the solu- 
tion. Tim forces between the molecules or particles 
of the polymer are continually shifting,* but at 
any instant the continuity or cohesion character- 
istic of the liquid state is holding 1 he polymer net- 
work together. The network is expanded and the 
voids are tilled with water or solvent . This is what 
is meant by the “solute** being present in an ex- 
panded liquid state. 

In the first example cited above the gelatin 
solute at first fills the entire space available, i.e., 
the entire volume of the solvent. On addition of 
sodium sulfate the gelatin solution contracts and 
no longer fills the entire volume of the solvent. 
Such contraction is characteristic of the liquid- 
like nature of the solute. If the solute were in a gas- 
like state, it could not contract but would continue 
to fill the entire space available. Since, however, 
the gelatin is an expanded liquid and the voids 
are filled with water, water in the liquid state is 
common to both liquid layers. 

In the ease of ordinary liquid iiumiseibility the 
two liquid layers do not have a liquid that is com- 
mon to both layers. There are no expanded liquids 
involved. Solutes, if present , are in a gas-like not a 
liquid-like state. 

C'oaccrvation might therefore, be defined as 
partial miscibility of optically isotropic liquids in 
which at least one of the liquids consists of tw*o 
constituents both of which are in the liquid state. 
Since macromolecular materials tend to fulfill the 
above requirements better than low' molecular 
weight materials, the commonly accepted defini- 
tion* first cited may be accepted until more ac- 
curate criteria for determining if a solute is present 
in a gas like or liquid-like form are available. It 
has been suggested that such differences may ul- 
timately be differentiated thermodynamically in 
terms of entropy and interaction. 

The coacervate state is only one, albeit a very 
important, one, of several equilibrium states of 
colloid systems. It is of extreme importance in bi- 
ological phenomena and doubtless will find many 
industrial and commercial applications as the phe- 
nomena become better known. 

B. K. Grkkn 

Cross -references : Colloid Chemistry; Gels; Gums , 
Natural 


COAL AND COKE 

Coal iH a solid, combustible carboniferous sub- 
stance formed by the decomposition of vegetable 
matter without free access of air. The plant 
debris from which coal had its origin accumulated 
in peat swamps and, in the presence of stagnant 
winter and buried under rapidly increasing deposits 
of vegetable matter, was decomposed in almost 
complete absence of air. Assisted by microorgan- 
isms, a chemical transformation took place result- 
ing in the formation of peat. The conversion of 
peat, into coal occurred after the disappearance of 
most of the water and under conditions of in- 
creased pressure and temperature. This conver- 
sion, extending over many millions of years, was 
progressive, leading first to lignite and then to 
higher rank coals, such as bituminous coal and 
anthracite. 

Nearly all coals arc of the common banded type, 
so called because visual inspection show's alternat- 
ing layers of different color or luster. The standard 
ASTM classification of coals of this type by rank 
depends on the fixed carbon (obtained by proxi- 
mate analysis) and the heating value of each coal, 
as shown below'. 


Kiink 


Fixed tsirhon ( n [) 
(dry, mineral 
matter free) 


Meta-anthracite 
Anthracite 
Semianthracite 
Low -volatile bi- 
tuminous 
Medium volatile 
bituminous 
High - volatile A 
bituminous 
High- volatile B 
bituminous 
High - volatile C 
bituminous* 
Sub hi tu mi no us 
A coal* 

Subbit uminotis 
B coal 

Suhbituminous 
O coal 
Lignite 


: 98 or more 
. 92-97.0 
86-91 .9 
. 7S-K5.9 

; 59-77. 9 

| l ess than 09 

! Less than 09 

i Less than 09 

! 

. Less than 09 

j Less t han 09 
I 

j Less than 69 
j Less than 69 


Heating Value 
fBtu/lb. ) (moist, 
mineral- matter-f ree) 


14,000 or more 
13,000-13,999 


11,000 12,999 


11,000-12,999 


9,500-10,999 
8,300-9,499 
Less than 8,300 


* High volatile C coal must be either agglomer- 
ating or non-weathering (ASTM methods); if 
neither, coal is classified suhbituminous A. 


In color, lignite may be brown but all coals of 
higher rank are black. The usual range of specific 
gravity is from 1.15 to 1.5, with 1.3 a typical figure 
for bituminous coal. When heated out of contact 
with air, decomposition begins at 300-400°C, and 
gas and usually tar are evolved. Chemically, coal 
is composed chiefly of condensed, aromatic ring 
structures of high molecular weight. Detailed, 
standard methods for the analysis and testing of 
coal and coke have been published by ASTM. 
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Proximate anatysis, % 

i ! 

{Anthracite! 

i 

i 

i i 

High 1 
vplatile A i 

Bitumi 1 Lignite 
nous ; 

roul j 

Moisture 

! 4.1 

1.8 : 

36.3 

Volatile matter 

3.4 

33.0 i 

26.2 

Fixed carbon 

, 83.1 

58.2 . 

31.7 

Ash 

Ultimate analysis, % 

9.1 

1 

7.0 1 

i 

5.8 

Hydrogen 

2.4 

2* \ i 

6.8 

Carbon 

i 81.7 ! 

77.7 

42.2 

Oxygen 

! 5.2 ! 

7.5 . 

43.9 

Nitrogen 

1 0.9 

1.5 ! 

0.6 

Sulfur 

■ 0.7 

i.2 ; 

0,7 

Heating value, btu/lb. 

! 12,810 : 

13,920 1 

7,140 


Coal is widely distributed throughout the 
world, although relatively small reserves have 
been found in Africa, South America, and Oceania. 
Of the more than 7 trillion tons estimated world 
reserves of coal, approximately 3 trillion tons are 
in the United States, and large tonnages are known 
to be present in certain parts of Asia ami Europe. 
In general, anthracite aud the high rank bitumin- 
ous coals underlie the Eastern part of the United 
States, while the lower rank bituminous and sub- 
bituminous coals and lignite are found in t he West. 

The majority of coal in the United States is pro- 
duced fiom underground mines, usually by under- 
cutting the seam of coal and then ‘‘shooting** down 
by explosives. Recently a minor but substantial 
portion of coal has been produced by “strip 
mining” front the surface. In the United States 
coal mining has become highly mechanized during 
recent years. Partly as a result of this, production 
in underground mines has averaged about 6 tons 
of coal per man-day, as compared to about 1 ton 
per man-day in other parts of the world. After the 
“run-of-mine” coal has been brought to the sur- 
face, it is usually screened into various sizes, and 
is then often cleaned by a process based on differ- 
ences in specific gravity, in order to reduce the 
ash and sulfur content. 

The United States, with about one-third of the 
total production, is the world’s largest producer 
of coal. Statistics for a recent year are summarized 
below (U. S. Bureau of Mines): 

Bituminous Anthracite 

Production, million tons 467 41 

Percent from strip mines 23 27 

Value at mine, per ton $4.90 $9.81 

Due to increasing efficiency of fuel utilization, 
as well as growing competition of other fuels, 
production of coal in the United States has shown 
almost no increasing trend over the last few 
decades. 

Approximately 80% of the bituminous coal and 
substantially all of the anthracite in the United 
States are burned to furnish power and heat. The 
remaining 20% of the bituminous coal is processed 
in coke ovens to make coke and, usually, coal 
chemicals. 


Use-Pattern op Bituminous Coal (IT. S.) 


Electric utilities 

20% 

Coke ovens 

20% 

Bail roads 

10% 

Other industries 

25% 

House heating 

15% 

Export 

10% 


The use of coal for generation of electricity has 
increased substantially, despite the fact that in- 
creased efficiency in utilization has decreased the 
average consumption of coal from 3.20 lb. per kwh 
in 1919 to 1.10 lb. in 1952. Some other uses, par 
ticularl.v by railroads, have been adversely af- 
fected bj' competitive fuels. 

In Europe, coal has been commercially processed 
for 111:1113' years by (a) hydrogenation, to make syn- 
thetic liquid fuel, and (b) by complete gasifica- 
tion with steam, using the “synthesis gas” so 
produced to make synthetic liquid fuel, ammonia, 
or other chemicals. In the United States similar 
processes, including hydrogenation of coal to pro- 
duce aromatic chemicals, are in the development 
stage. 

C.oal < 4i r ho ii i /.a I ion. Carbonization is the 
process of heating coal to relatively high tempera 
tures out of contact with air in coke ovens or other 
equipment. Thermal decomposition of the large 
molecules of the* coal substance results in the 
evolution of volatile compounds in the forms of 
gas, tar and water vapors, and the formation of a 
carbonaceous residue of coke. Commercial coal 
carbonization today is confined almost entirely to 
the high-temperature process (900- 1 l50°O) in 
batteries of chemical -recovery coke ovens. Coal 
(ahdut 16 tons in each oven) is heated for about 
16 hours, during which period the gas and vapors 
leave the oven chamber to be separated into the 
various coal chemicals and other products. At the 
end of the coking period the red-hot coke is 
“pushed** out. of the oven and is quenehed by* a 
water spray. Most of the bituminous coals have the 
proper! \’ of forming coherent coke on heating, and 
can usually be used in the process, but all other 
ranks of coal are unsuitable. In contrast to chemi- 
cal -recovery ovens, “beehive** coke ovens produce 
only coke, since all the gases and vapors are 
burned. ( Comparatively few of these beehive ovens 
remain in operation today. Another process of 
relatively minor commercial interest, ut. least at 
the present time, is low -temperature carbonization 
(500-750°C ) , which yields products differing con- 
siderably in character and amount, from those pro- 
duced at. higher temperatures. 

In 1952, 90,700,000 tons of coal wen* carbonized 
in chemical -recovery coke ovens in the United 
States, leading to the following average quantity 
of products per ton of coal (U. S. Bureau of 
Mines) : 


Coke 

Coke breeze 
Tar 

Ammonium sulfate 
Gas 

Light oil 


0.702 ton 
0.051 ton 
7.74 gal. 
19.92 lb. 
10,150 cu. ft. 
2.79 gal. 
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In addition, 6 /.MX) ,000 tons of coal were carbonized 
in beehive ovens, with an average yield of 0.637 
ion of coke per ton of coal. Total production of 
coke in the United States in 1952 amounted to 
68,250,000 tons. The tar and light oil arc prolific 
sources of benzene, naphthalene and other prime 
chemicals used in the synthesis of a broad range 
of aromatic organic chemicals. 

The coke made in chemical-recovery coke ovens 
is in the form of dark gray blocks of irregular size 
and shape. Due to its cellular structure, coke is 
quite light, with apparent specific gravity usually 
in the range of 0.8 to 1.0. After quenching, coke is 
screened into various sizes depending on the in- 
tended use. Very small coke (under *£ inch) is 
known as “breeze". The ash content of coke is 
approximately greater than that of the coal 
from which it is made, since all the coal ash re- 
mains in the coke. The volatile matter in high 
temperature coke is usually under 1.5%. 

The major use for coke in the United States is 
the reduction of iron ore to pig iron in blast fur- 
naces. Much smaller amounts are utilized for the 
melting of iron or other metals in foundry cupolas, 
for the manufacture of water gas and producer 
gas, and for house he:t» mg. mkcc t he steel indust ry 
uses 85% of the coke produced in the United 
States, production of coal chemicals is dependent 
to a very large degree on the rate of steel manu- 
facture. The economies of chemical -recovery coke 
ovens rest very largely on the financial return from 
the coke. 

Ai.kkkd It. l*o\\ KIJ, 

dross -rcIVrcnct's : Furls. Ammntir Com pounds 

COAL TAR see DYES, ORGANIC CHEMISTRY, COAL 

AND COKE 

COBALT AND ITS COMPOUNDS 

The metallic characteristics of cobalt are 
sharply defined, since it is in group Vlll of the 
Periodic System, between iron and nickel. Though 
its compounds are similar to those of iron and 
nickel, unlike iron most- of the important com- 
pounds are those containing bivalent cobalt 
(cobaltous). Though Ihc trivalent cobalt, com- 
pounds (cobaltic) are known, they have not been 
frequently used except in the form of coordination 
compounds where they have been studied very 
extensively. 

The toxicity aspects of cobalt center around its 
ability to accelerate the formation of red blood 
cells and hemoglobin in the human system. Some 
catalytic action of the cobalt is suspected since it 
cannot be detected in the blood spectroscopically. 
The effect is a discharge of erythrocytes into the 
circulation because of the progressive hyperplasia 
(abnormal multiplication of increase in the num- 
ber of normal cells) of the bone marrow. The in- 
increase in hemoglobin value is probably caused by 
the accelerated production of red blood cells by 
the bone marrow'. The above mechanisms may oc- 
cur to a serious degree upon exposure to substan- 
tial doses of soluble cobalt compounds or com- 
pounds which may be solubilized on introduction 
into the body. 


The Fischer-Tropsch synthesis, in which carbon 
monoxide and hydrogen are combined to form 
organic compounds, is the major process using 
nonexpendable cobalt catalysts (cobalt driers, 
w'here the cobalt is expendable are discussed else- 
where). Thus, though cobalt catalysts have been 
examined in connection with many reactions, the 
work conducted by Fischer and Tropsch in (»er- 
many has been the only one which has expanded 
into a really substantial industrial operation. 
Both in the V. S. and (Jcrmany, the process has 
flourished and many catalysts, using various 
metals mixed with cobalt oxide, have been evalu- 
ated and used. Cobalt nitrate is frequently used 
us t.he starting compound and this is frequently 
precipitated along with thorium nitrate and 
finally admixed with such carriers as magnesium 
oxide and silica. The reduced form, of course, is 
the one that is used. 

Colors containing cobalt have continued to be 
popular over the thousands of years. Cobalt 
aluminates and silicates are used, the oxide being 
the normal source, and cobalt concentration in the 
final color varies enormously, assaying as high as 
60% and as low as 1%. As would be expected, the 
complexity of modern color requirements has re- 
sulted in the use of many other metal compounds 
along with the cobalt in order to produce the de- 
sired shades. 

In the porcelain enamel industry, quite apart 
from the interest in the handsome colors secured 
with cobalt, is the need for excellent, adhesion of 
the glass to the metal underbase. It has been found 
that a “grip-coat" usually applied underneath a 
white “cover-coat" and which usually comprises a 
glass of alumina, borax, silica, potash, soda ash, 
lime, and some fluorides, in which from 0.5 to 2% 
of cobalt is present as cobalt oxide, serves as an 
excellent underbase. The glass in manufactured at 
a relatively high temperature (1260-1315 o 0) but 
it may be finally fused to the metal to produce a 
coat of enamel at a temperature as low as 705- 
925°C and still produce excellent adhesion. 

The ability of cobalt salts, especially the chlo- 
ride, to change from the blue anhydrous form to 
red, when the humidity is sufficiently high, has 
made these compounds very useful as visual indi- 
cators of humidity. Test papers have been offered 
and silica gel and alumina have often been im- 
pregnated with small quantities of cobalt salts to 
indicate when the absorbent, present is no longer 
effective as a dehydrator. With the increasing con- 
trol iver humidity, which modern industrial prac- 
tice has more and more frequently demanded, 
these indicators, though representing a small total 
volume, are becoming increasingly important. 

Because of the low order of reactivity of cobalt 
metal with organic acids, various inorganic cobalt 
compounds are used to prepare the salts of acids 
such as rosin acids, naphthenic acids and fatty 
acids. These soaps, being oil -soluble, enjoy a very 
large volume because of their potent effect on the 
“drying" process, the conversion of the liquid un- 
saturated oils, such os linseed or soybean, to a 
solid, useful film. Both “fused" soaps, in which 
the hydroxide is fused into suitable organic acids 
at temperatures in the range of 150°C, and “pre- 
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cipitated” soaps, in which a water solution of the 
sodium salt of the organic acid is reacted rneta 
thetically with a water-soluble cobalt salt., have 
been widely used as driers in paints. Cobalt con- 
centrations from perhaps 1 to 14% are frequently 
encountered in this field. 

Though animal nutritional deficiencies have 
received important attention only in recent years, 
the effect, of trace amounts of certain elements is 
startling. Thus, cobalt deficiencies throughout the 
world have resulted in cattle and sheep showing 
long rough coats, seal i ness of the skin, loss of 
flesh, pale mucous membranes, muscular incordin- 
ation, gauntness, retarded growth, and decreased 
milk flow. Curiously, though most of the cobalt 
administered is rapidly eliminated in the feces and 
in the urine, the animals' metabolic processes are 
enormously affected, possibly by modifying en- 
zymic reactions through catalysis in the stomach 
and colon. At any rate, the animal’s appetite and 
the amount of hemoglobin that is present in the 
blood rapidly reflects the appearance of cobalt in 
the diet. 

The 1-5 mg. of cobalt per day necessary to keep 
sheep and cattle in good condition is far below 
the level which might produce an excess in the 
number of red corpuscles in the blood, and even 
levels as high as 50 mg. a day apj>ear to exhibit no 
toxicity. Any of the common cobalt compounds 
which are water-soluble or which may become 
solubilised in the animal’s stomach appear to he 
satisfactory, so it does not appear to matter 
w'hether the cobalt is administered in the feed, the 
drinking water or through salt blocks. Because of 
the acceleration of the rate of formation of red 
blood cells and hemoglobin, cobalt compounds 
have been used as therapeutic agents in the treat - 
ment of simple nutritional anemias. It is inter- 
esting to note that cobalt has proven to be a con- 
stituent of vitamin Bi* , which is the antianemia 
principle of the liver. The table below presents the 
approximate poundage of the important cobalt 
salts manufactured in the U. S. in 1952-1953, as 
reported by the U. S. Bureau of Mines, together 
with typical prices. 


Cobalt Comf>uund 

1953 

Production, lb 

1955 

Price Per Lb 

Acetate 

104,913 

$1.30 

Carbonate 

111,408 

1.935 

Chloride 

u 

1.20 

Hydroxide 

255,386 

2.72 

Nitrate 

a 

1.00 

Oxide 

670,582 

1.96 

Phosphate 

a 

1.69 

Sulfate 

638,137 

.89 

Other compounds 

250,092 

— 


S. B. Elliott 

Cross-references: Drier # , Metallic Soap# 


COEFFICIENTS 

A coefficient may be defined broadly as a joint 
agent or that which unites in action with some- 
thing else to produce an effect. Mathematically 
speaking, a coefficient is any numerical or literal 


symbol or combination of symbols placed before 
another symbol or combination of symbols as a 
multiplier. As used in chemistry or physics a 
coefficient is a number expressing the amount of 
some change or effect under certain specified 
conditions as to temperature, pressure, length, 
concentration, volume, etc. The term is also used 
to designate the amount of change or effect so 
described. 

Many coefficients are listed in technical and 
scientific literature. We will list a few: absorption, 
activity, alienation, compressibility, contraction, 
correlation, depression, diffusion, discharge, dis- 
placement, distribution, efficiency, efflux, elas- 
ticity, elastic resilience, expansion, tirmness, 
fluidity, friction, homology, livgrOHCopicity, hys- 
teresis, impact, intelligence, Joule -Thomson 
effect, kinematic viscosity, leakage, molecular, 
depression, partition, Peltier effect, purity, reduc- 
tion, reflection, refraction, resilience, resistance, 
restitution, rigidity, safety, surface discharge, 
transmission, variability, variation, velocity, 
viscosity, volume elasticity, connect ion, and 
inertia. This article will select two of the co- 
efficients and treat them so as to show the signifi- 
cance of a coefficient and the manner in which it is 
obtained. 

Joule-Thomson (<oef licit* nt . The Joule- 
Thomson coefficient p is found by measuring the 
temperature change from 7 ,# to T when the pres- 
sure P' of a gas on one side of a porous plug 
changes to P on the other side. The change of 
temperature (7 ,# — T) and of ( P ' - P) are meas- 
ured under conditions such that uo heal is gained 
or lost by the gas, i.e., the process is adiabatic, 
and the pressure of the plug is great enough to in- 
suAi a nearly constant pressure in the incoming 
and outgoing gits. The ratio of ( T ' — T)/(P ' — P) 
at several pressure ranges is extrapolated to the 
limiting case as {P' — P) approaches zero. This 
limiting value is the Joule Thomson coefficient, 
/i. Thus 


The subscript II indicates that the enthalpy, //, 
remains constant during the expansion (A// = 0). 
The Joulc-Thomson coefficient can be found for 
any fluid substance. In words, the coefficient is 
the change in temperature per atmosphere change 
of pressure on a gas or other fluid when the en- 
thalpy remains constant. 

For an ideal gas there is no attractive forces 
among molecules and hence no change of tempera- 
ture with pressure and consequently p * 0. Hy- 
drogen and helium at ordinary temperatures be- 
come warmer when forced through si porous plug 
and p has negative values. However, below 154°K, 
p becomes positive for hydrogen and the gas is 
cooled by free expansion. The values of p for all 
gases become positive at sufficiently low tempera- 
tures. The value for air is +0.4 at 0°C. 

The Joule -Thomson coefficient is used for calcu- 
lations of industrial importance os in liquefaction 
of gases, and for calculations of many thermo- 
dynamic quantities and the constants in the 
equations of state for gases. 
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Activity Coefficient. In general, tho activity 
coefficient of a substance may be defined as the 
ratio of the effective contribution of the sub- 
stance to a phenomenon to the actual contribution 
of the substance to the phenomenon. In the cuhc of 
Kascs tho effective pressure of a gas is represented 
by the fugacity / and the actual pressure of the gas 
by P. The activity coefficient, y, of the gas is given 

by 7 =///'• 

One method of calculating fugacitv and hence 
7 is based on 1 he measured deviation of the volume 
of a real gas from that of an ideal gas. Consider the 
case of a pure gas. The free energy F and chemical 
potential m changes with pressure according to the 
cquution 

dF » d/i * VdP. (2) 

but by definition 

dn - VdP « FT d In / (3) 

If the gas is ideal, the molal volume V% is given by 



but for a uonideal gas* l.hw is not true. Let the 
molal volume of the* nonideal gas be V m and define 
the quantity cx by the equation 


to the chemical potential ha of that component 
by the equation 

ha - h \ n ' + FT \n a A (10) 

- Ms 0 ' + FT In Ja X a (11) 

where ha"' in the chemical potential of component 
A when its mole fraction in the solution is 
unity, i.e., when the liquid is pure component A. 
7 a is the activity coefficient- of component A in 
the solution and is given by the expression 


In equation (12) n A is the activity or in a sense tho 
effective mole fraction of component A in the solu- 
tion. 

The activity a A of a component A in solution 
may be found by considering component A as the 
solvent. Then its activity at, any mole fraction is 
the ratio of the partial pressure of the vapor of A 
in the solution ta the vapor pressure of pure A. 
If li is the solute its standard reference state is 
taken as a hypothetical li with properties which it 
possesses at infinite dilution. 

The equilibrium constant for the process 

/f (gas) . - /L. solution) (J3) 


fX 


V, - v„ 



(5) 


Then 1* of equation (2) is V„ of equation (5) and 
hence from cquution (5) 



( 6 ) • 


Therefore from equations (2), (3), and (0) 

FT d In / - dF - dn = FT d In P - <x dP (7) 

and 


FT In/ 


FT In P - 



(S) 


Thus knowing PVT data for a gas it is possible to 
calculate /. The integral in equation (X) can be 
evaluated graphically by plotting «, the deviation 
of gas volume from ideality, versus P and finding 
tin?. area under the curve out to the desired pres- 
sure. Also it, may be found by mathematically re- 
lating p to P by an equation of state., or by using 
the method of least squares or other acceptable! 
procedure the integral may be evaluated analyti- 
cally for any vulue of P. The value of / at the de- 
sired value of P may thus be found and conse- 
quently the activity coefficient calculated. Other 
methods are available for the calculation of / and 
hence of 7, the simplest, perliapH being the relation - 
ship 

P* 

/-- (9) 


is 


A' = " (11) 

Since the gas is sufficiently ideal its activity </ K ..^ 
is equivalent to its pressure P> . Since the solu- 
tion is far from ideal, the activity i„t.> of the 
liquid li is uot equal to its mole fraction .\\> in 
the solution. However, 

A’' - AVP- (15) 

and extrapolating a plot of this value versus A'» 
to A' a = 0 one obtains the ratio where the solution 
is ideal. This extrapolated vulue of K ' is the true 
equilibrium constant A when the activity is equal 
to the mole fraction 

A = a*/P 2 (16) 

Thus ut can be found. The methods involved in 
equations (13) through (16) arrive at the activities 
directly and thus obviate the determination of the 
activity coefficient. However, from the determined 
activities and known mole fractions 7 can be found 
as indicated in equation il2). 

In the case of ions the activities, a+ and a., of the 
positive and negative ions, respectively, are re- 
lated to the activity, a, of the solute as a whole by 
the equation 

X « (17) 

and the activity coefficients 7+ and 7- of the two 
charge types of ions are related to the molality, m, 
of the electrolyte and ion activities a+‘and o_ 
by the equations 


where P< is the ideal and P the actual pressure of 
the gas. 

In the case of nonideal solutions, we can relate 
the activity <14 of any component A of the solution 





7 - ■ 


0 - 

qm 


(18) 


Also the activity coefficient of the electrolyte is 
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given by the equation 

y = (y+V X y (10) 

inequations (17), (18) and (19) p and q are num 
hers of positive and negative ions, respectively in 
the molecule of electrolyte. In dilute solutions it is 
considered that ionic activities are equal for uni- 


univalent 

electrolytes, i.e ., 74 = - 



Consider the ease of UnCi. . 



y = (y, X y_*>"'ns> = ( 7 , X 

7 2)1 

(20) 

or 





V = 7 *. y 2 


(21) 

also 




a = 

= df. X a: = (my + ) ('Jmy- 


(22) 


= 4?/r 1 7 f 7 - 2 = 

Im» 3 7 3 

(23) 

Activity 

coefficients of ions are dele 

Tiuined 

using 


electromotive force, freezing point, and solubility 
measurements, or are calculated using the tlieo- 
rctieal equation of Heine and lhickol. 

The solubility, #, of AgCI can be determined at a 
given temperature and the activity coefficient y de- 
termined at that temperature from the solubility 
and the solubility product constant A'. Thus 

K - n^i = 7*1+7. r_ (21) 

where e., and c are t he molar concent rat ions of t he 
positive silver anil negative chloride ions, re- 
spective w The solubility * of the silver chloride 
is simply * = c+ = c_ . The e\ press ion for A’ is then 


K = 7 2 * 2 

fi!5) 

A'i 
y = 

(20) 


a 


Bv measuring the solubility, a, of the silver 
chloride in different concentration of added salt 
and extrapolating the solubilities to zero salt 
concentration, or better, to zero ionic strength, 
one obtains the solubility when y = 1, and from 
equation (26) K can be found. Then y can be cal- 
culated using this value of A and any measured 
solubility. Actually, this method is only applicable 
to sparingly soluble salts. Activity coefficients of 
ions and of electrolytes can he calculated from the 
Debyo-Huckel equations. For a uni -univalent 
electrolyte, in water at 25°C, the equation For the 
activity coefficient of an electrolyte is 

log 7 - —0.509*+*.. Vm (27) 

where *+ and z _ are the valences of the ion and m is 
the ionic strength of the solution, i.e., 

v = i 2 c x Zi t (28) 

where d is the concentration and Zi the valence 
of the ith type of ion. 

Activity coefficients are used in calculation of 
equilibrium constants, rates of reactions, electro- 
chemical phenomena, and almost all quantities 
involving solutes or solvents in solution. 

Edward S. Amis 
Cross -references: Solutions, Debye-Huckel Theory , 
Electrochemistry , Activity 


COLCHICINE 

Colchicine is an alkaloid drug, obtained from 
crocus plants (especially Colchintm autnmuale), 
which is notable chiefly for its remarkable utility 
in plant breeding. In 1937, it was discovered that a 
dilute solution of colchicine introduced into the 
growing parts of plants was capable of interfering 
in the normal sequence of events which take place 
during cell division. The result was an exact, 
doubling of th( k amount of hereditary material in 
the cell nucleus. During division, the hereditary 
material is visible as a number of elongated micro- 
scopic structures called chromosomes. On the 
chromosomes, in bead- like arrangement, are the 
specilic units which control the detail of inherit- 
ance- the genes. 

Colchici lie's effect is registered at the stage in 
division when the split -apart chromosome halves, 
which ordinarily move away from each other to 
form two new nuclei, fail to become separated and 
therefore remain in the original nucleus as it re- 
turns to a uondividing condition. After the col- 
chicine* has disappeared from the cell the process 
of division is initiated again, this time, however, 
with twice the normal number of chromosomes. 
This and succeeding divisions proceed without 
interruption, and the result is the perpetuation of 
the new double number of chromosome*. 

From colchicine treatments of seeds or of grow- 
ing regions in stem or root , large areas of new tis- 
sue may be built up from cells whose nuclei have 
tlie doubled, or “tetraploid” as distinguished 
from the normal, or “diploid” number of chro 
mosomes; or, as sometimes happens, complete or 
nearly complete conversion to the tetraploid con- 
dition results throughout the plant. Then, if 
flowers arise from tetraploid tissue, it is possible to 
perpetuate the increased number of chromosomes 
through the seed. 

Plants with the tetraploid number of chromo- 
somes almost always have larger cells. An advan- 
tage much capitalized upon in breeding is a fre- 
quent enlargement effect upon those plant organs, 
such as flowers, fruits and seeds, which complete 
their growth in a single season. Colchicine treat 
merit has been tried with a great variety of plant 
species, including fruits und vegetables, flowers, 
forage, range anil pasture plants, forest trees, 
sugar beets, cotton and tobacco. Tetraploid snap- 
dragons arc an example of plants now' in com- 
mercial production which owe their origin to 
colchicine treatment of diploid forms. Colchicine 
has also been used to make certain sterile hybrids 
fertile, which carries the possibility of making a 
new species. Since colchicine’s effect is upon the 
hereditary material, it is not, as often popularly 
supposed, a vitamin or a chemical fertilizer or 
weed killer. 

Chemically, colchicine is C 2 2 Hsr.O«K. Its struc- 
ture is still under investigation, but is known to 
involve three rings. Its value is due in part to an 
unusually high solubility in water, and it is sol- 
uble, as well, in alcohol, chloroform and lipoids, 
such as lanolin. Colchicine is also a tool for the 
study of plant evolution, and for various kinds of 
experimental study of growth in animals, includ- 
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ing cancer investigations. No completely poly- 
ploid animals have yet. been produced, using 
colchicine, but partially polyploid rabbits, pigs 
and frogs have resulted. Though long used to treat 
gout, it is a potent human poison in slightly higher 
concentrations, and has specific effects upon nerv 
ous systems, liver, blood and muscle. 

Philip N. Johan sox 
Cross -references : A I haloids 


COLLOID CHEMISTRY 

The word ‘‘colloid”, even in the relatively brief 
period since Thomas Graham proposed it, has ac- 
quired a meaning far wider and more significant 
than he had remotely imagined. It now covers in- 
numerable materials as different from glue, the 
equi valent of the Greek word from which colloid 
is derived, as are Purple of Gassius and such every- 
day colloids as soap solutions, rayon and bakelite. 
In fact, colloids constitute most of the materials 
of ordinary life. The broadest definition of colloid 
science is the study of noncryslalline matter 
having an organization intermediate between that, 
of independent m*. lciwl. .. and of living mutter. It. 
is inadequate to define colloids as being composed 
of parfieles with at- least one dimension lying be- 
tween 10 angstroms and 1 micron. Actually col- 
loidal matter consists of three coordinating fac- 
tors: (1) particles, (2) a continuous medium, and 
(3) a stabilizing agent. 

About 100 years ago, several leading chemists, 
while studying precipitation reactions of com- 
pounds insoluble in water, such as arsenic Irisul- 
fide and Prussian blue, observed that apparently 
no precipitate formed when they used a low con- 
centration of reactants. The liquid took on the 
color that was characteristic of the normal pre- 
cipitate but otherwise remained perfectly clear 
and transparent to the eye of the observer. Ber- 
zelius, the only one who tried to explain the 
paradox, assumed the particles of the formed pre- 
cipitate to be very small and transparent.. Solu- 
tions of this type were termed “pseudosol ut ions”. 
It then became evident that the clear but vividly 
colored solutions of precious metals (aurum and 
aryenlum potabile ), which the alchemists had pre- 
pared and for which they claimed exceptional 
• healing power, must be elassified in the same 
group, for these solutions had been obtained by 
reducing a dissolved gold or silver salt to the 
elementary and therefore water-insoluble metal. 

In 1857 Michael Faraday demonst rated visually 
a striking difference between a true solution and a 
pseudosolution. If a concentrated beam of light, 
is pc wed through the former (in a darkened room), 
its path through the liquid cannot, be detected; 
but if a “pseudosolution” is substituted, the pas- 
sage of the light beam is clearly observed. Millions 
of particles, suspended in the liquid (or in air) 
reflect the light impinging on them, but are too 
small for the human eye to perceive (Tyndall 
effect). 

In 1861 Thomas Graham, studying the rate of 
diffusion of a solution of a water-soluble sub- 
stance into a volumo of pure water, noticed that 


matter which has the aptitude for crystallizing 
diffuses rapidly, whereas more gelatinous sub- 
stances such as glue diffuse either very slowly or 
not at all. Having found other substances which 
behaved “like glue” he coined for them the term 
“colloid”. In contrast, he named rapidly diffusing 
substances “crystalloids”. The difference in rate 
of diffusion was first attributed to a difference in 
size between colloidal particles and those con- 
stituting a true solution. This reasoning and the 
development of the ul t ramie rose ope by Z>igmcmdy 
(1903;, which made possible the actual detection 
of discrete individual particles in a colloidal solu- 
tion, resulted in a belief that still frequently pre- 
vails: that, colloids are nothing but extremely 
small particles suspended in a fluid. 

This belief takes into consideration only part of 
the picture, however. If we roll and hammer a 
piece of gold until it becomes so thin that we can 
no longer measure its thickness with an ordinary 
microscope it still looks like a golden sheet. Such 
I rent men t, docs 'diange one property of the original 
specimen, however: the formed film has become 
transparent. There is no distortion of the shape 
of objects seen through it, but they are all bathed 
in a beautiful green color. Most catalysts increase 
in activiu with decreasing particle size, reaching 
a maximum in the colloidal range. Many other 
properties could be listed which exhibit, pro- 
nounced maxima or minima as soon as the sub- 
stance, like the transparent gold, has been brought 
to very minute dimensions. Gan we offer an ex- 
planation for such sudden changes in property? 

The smallest, dimensions which can be resolved 
with a regular microscope are 0.001 mm, or 1/4. 
Simple chemical molecules which diffuse rapidly 
will be at least a thousand times smaller, 0.000001 
mm, or 1 m /i. This dimensional range, in which 
nun ter exhibits s,»* citic properties, is termed the 
“colloidal range nt dimensions”. Colloid chemistry 
is the study of properties of matter present in the 
colloidal range in al least one of its three possible 
dimensions. Colloid chemistry may therefore not 
be regarded as the chemistry of a specific type of 
substance, such as matter of organic or inorganic 
composition. It is the chemistry of a state of mat- 
ter characterized by a preponderance of surface 
over volume. Taking into account, the fact that a 
difference in chemical saturation must exist be- 
tween an ion located in the interior of a structure, 
let us say in a crystal, and an ion located at its 
surface, we immediately realize the importance of 
s ' di surface developments. Since unsaturation 
may be regarded as synonymous with reactivity, 
the increase of reactivity with decreasing dimen- 
sions becomes a logical consequence. 

In the range of colloidal dimensions the surface 
development and the importance of all energy 
located therein have become predominant. If 
comminution xvere to be continued, the dimen- 
sions of simple molecules, atoms, etc., would be 
reached, where the expression “surface”, as gen- 
erally used, becomes meaningless. We are there- 
fore justified in calling colloid chemistry also the 
chemistry of surfaces and surface reactions . The 
regular chemist is primarily interested in the 
composition of the bulk phase of matter, the 
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mineralogist in the crystal configurations of mat- 
ter, the physicist in the physical properties of 
matter present, in hulk form; hut the colloid 
chemist is primarily concerned with the composi- 
tion and reactivity of the surfuce layers of matter 
and the changes which they undergo. 

A great many substances of colloidal dimen- 
sions, on being suspended in water, owe their sta- 
bility to electric charges located at their surfaces 
which repel all other particles of the same sign of 
charge. If these charges are neut ralized by charges 
of opposite sign, the stability of the suspension is 
destroyed and the system precipitates. Systems 
of this kind are termed electrocratic colloids (for 
example, the “drinkable gold” of the alchemists). 
Other colloids, generally of organic origin, owe 
their stability to their great, affinity to the liquid 
in which they are dispersed and are not affected 
by the addition of substances which neutralize 
surface charges. These are known as lyocratic col- 
loids. If we coat an electrocratic colloid with a 
lyocratic one we change the surface of the former 
and produce, to all intents and purposes, a col- 
loidal dispersion of lyocratic properties. This dis- 
persion will not be affected by electrolytes — we 
have “protected” the electrocratic colloid. 

If we mix oil and water and agitate the mixture 
violently we form what is known as an emulsion. 
As soon as the agitation ceases the two liquids will 
separate again. If we add a soup, however, the 
emulsion becomes stable. Stability occurs because 
the soap m* decides line up (adsorb) on the surface 
of the oil droplets in an oriented fashion, one por- 
tion of each soap molecule lying in the water, the 
other portion being embedded in the oil; a new 
surface possessing repulsive energy has been 
formed. 

A better understanding of surface and inter- 
facial tension, and of wettability, which depends 
on it, is also necessary. Again the arrangement, of 
molecules in the surface layer of colloidal thick- 
ness controls the phenomenon. If on the surface 
of a material which is not readily wetted by, let 
us say, water, a substance is adsorbed which 
because of its molecular configuration has an af- 
finity for both the material and for water, the 
result is a wettability that is notably augmented. 

The study of the mechanism which causes col- 
loidal dispersions to gel is constantly increasing in 
importance, for only the final solution of this 
question will provide the answer to the most 
fundamental biologic questions of cell life, cell 
division and life in general. Since the human body 
is composed largely of matter in the colloidal state, 
it is only logical that a well-founded knowledge of 
colloidal phenomena is essential whenever prob- 
lems of avoiding or repairing damage are involved; 
to quote Leonard Thompson Trolant: “It is to 
colloidal chemistry that we must look for answers 
to the large majority of the fundamental problems 
of vital activity. These answers will be slow in ap- 
pearing, however, if we refuse to look”. 

It must not be forgotten that protoplasm, a col- 
loid, is the material basis of life. Since it is very 
probable that protoplasm has thixotropic proper- 
ties, this phenomenon may not be neglected in 
any biologic investigation. “Thixotropy” is the 


term used to describe an isothermal, reversible, 
sol-gel transformation: (he gel may be liquefied to 
a sol simply by agitation, and the sol sets to a gel 
again when left at rest. Then> is now ample evi- 
dence that, the interior of muscle fibers and the 
protoplasm of myxomycetes, to mention only two, 
have pronounced thixotropic properties. 

That colloid chemistry should find more appre- 
ciation in medical science than it has thus far re- 
ceived is perhaps best illustrated by giving just 
one example. 

An application of colloid chemistry to medicine 
is found in recent investigations that have intro- 
duced this branch of science into the field of anti- 
biotics. Thus far considerable emphasis has been 
placed on a strictly chemical approach to the 
study of antibiotics in general and of penicillin in 
particular. However, examination from a colloidal 
approach reveals that various antibiotics possess 
properties which are very peculiar from a physiso- 
chcmieal, but not from a colloid-chemical point 
of view. For example, until recently it. was gen- 
erally assumed that penicillin, when dissolved in 
water, formed a true solution. That this is true 
has been disproved by ult ramie roscopic studies 
which show that such solutions arc actually col- 
loidal (sols). It has also been shown that, aqueous 
solutions of sodium penicillin possess high capil- 
lary activity, which means that, they greatly re- 
duce the surface tension of water. Penicillin solu- 
tions possess greater wetting properties than 
solutions of other antibacterial substances, mani- 
festing less surface activity, and therefore can be 
expected to diffuse throughout, tissue more jgadilv 
than the latter. 

In its colloidal behavior penicillin resembles 
soaps itnd may bo regarded as a colloidal electro- 
lyte. Considering the morphology of the colloidal 
micelle of a penicillin salt and comparing it with 
that of a soap micelle oriented in an oil -water 
interface, the antibiotic action might, to some 
degree resolve itself into a surface phenomenon 
comparable to the formation of a stable emulsion. 
The emulsified droplet, having lost all the proper- 
ties and chemical reactivity of the substance which 
has been emulsified, assumes the qualities and 
properties of the emulsifying agent. Thus, it is 
conceivable that adsorption of the penicillin 
micelle onto the surface of the bacterial cell could 
play a part in the mode of action of that antibiotic. 
It is also conceivable, ul though at present a con- 
jecture, that elect rokinetic phenomena may some- 
how enter into the relationship of penicillin to the 
bacterial cell, since electrophoresis experiments 
have shown that the penicillin micelle possesses a 
net negative charge. 

Another proof that colloid science deserves far 
more attention than it has so far received is the 
development of a clay of the bentonite type which 
will exhibit thixotropic properties only when dis- 
persed in an organic solution, like toluene. The 
original clay, a .todium-bontonite, has been re- 
acted with an organic compound, an amine, so 
that its surface now carries the adsorbed amine 
molecules which cause the reactivity with the 
organic solvent. The interior of the colloidal par- 
ticle remains strictly a clay particle, however, 
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composed of silica and alumina; only the surface 
of the particle has been reacted with the organic 
amine. 

Ernst A. Hauser 
Cross -references: Clays, Antibiotics , Emulsions, 
Surfactants, Adsorption, Gels 


COMBINING NUMBER 

The combining number of an element or a radical 
is a small whole number used in writing formulas. 
It is sometimes called the valence (number). Hy- 
drogen is usually taken as the standard of com- 
bining numbers with value equal to 1. 

(1) The number of hydrogen atoms that an ele- 
ment combines w r ith directly is called its combin- 
ing number. The compounds hydrogen chloride 
(HC1) and sodium hydride (Nall) are relevant ex- 
amples. The formulas are derived from experi- 
mental data. In hydrogen chloride, one atom of 
hydrogen combines with one atom of chlorine. The 
combining number of chlorine is 1. Using similar 
reasoning, sodium also has combining number 1 
because it combines with one atom of hydrogen. 
The compound h^tVceu sodium and chlorine is 
written NnCI, each element having combining 
number 1. This formula (NaOI) for sodium chloride 
is verified by analysis. It. contains 39.11% of sodium 
and 00.7% of chlorine- the proper amounts if this 
compound has a 1 to-1 relationship between the 
number of atoms. From the formulas of the com- 
pounds water (1I«0), ammonia (Nila), and meth- 
ane (Cll 4 ) it is clear that the combining number 
of oxygen is 2, nitrogen 3, and carbon 4. 

Hydrogen is believed to have one electron in its 
K shell. It may fill the shell by borrowing or by 
sharing electrons as it does in Nall (borrowing) ; or 
it may lose its electron as it does in hydrogen 
chloride, where the electron pair that constitutes 
the bond probably is closer to the chlorine than to 
the hydrogen nucleus, electrically considered. In 
the first case the combining number of hydrogen is 
1-* and in the second case it is H-. In general, 
negative combining numbers refer to elements that 
have gained electrons, and positive numbers to 
elements that, have lost electrons. If a covalent 
electron pair is nearer one nucleus than another, 
the nearer nucleus is considered to be negatively 
* charged. 

(2) Certain unit groups of elements stay to 
get her during many chemical changes. These 
groups an« called radical*. The number of hydrogen 
atoms with which a radical combines directly is 
its combining numlwr. From the formulas UNO* , 
nitric acid; I f 2 S( )<, sulfuric acid; 11 S I’0 4 phosphoric 
acid, it can be seen that the combining number 
of the nitrate rudicul (NO#) is 1, that of sulfate 
radical (S<) 4 ) is 2 and that of phosphate radical 
(PO4) is 3. 

(3) Combining numbers may be inferred by sub- 
stitution. Not all elements readily combine di- 
rectly with hydrogen. Silver is such an element. 
The formula of silver nitrate is AgNO# . When this 
formula is compared with that of nitric, acid 
(UNO#), it is evident that one atom of silver re- 
places one atom of hydrogen. Since silver has re- 


placing value equivalent to hydrogen atom for 
atom, the combining number of silver is therefore 
1. Similarly, when CuSO# and H 2 SO 4 are compared, 
it can be seen that a copper atom has taken the 
place of two hydrogen atoms, and therefore copper 
has combining number 2. In a similar manner, the 
combining number of every clement or radical may 
be determined. 

According to theory, the combining number of 
elements in ionic compounds is the number of 
electrons transferred. It has the same value as the 
charge on the ion of that clement. Calcium chlo- 
ride (CaCl 2 ) is such an ionic compound in which 
the two chlorine atoms have gained one electron 
each from the calcium atom, which is thereby 
charged two units positive, or Ca +4 . Both of the 
chlorine atoms gain one electron each, becoming 
chloride ions (Cl ). The combining number of 
calcium is 2, and that of chlorine is 1. 

For covalent compounds, the combining number 
is the same as the number of shared electron pairs. 
In carbon disulfide (CS 2 ), carbon shares its four 
electrons with the two sulfur atoms, two pairs to 
each. The combining number of carbon is 4 (four 
shared electron pairs), and the combining number 
of sulfur is 2 (two shared electron pairs). 

It is well known that many elements exhibit 
more than one combining number, nitrogen, 
chlorine, manganese, molybdenum and chromium 
being among those that are especially noted for 
this property. The combining number depends on 
how many electrons in the outermost shell of an 
clement are involved, or how many electrons it. 
can draw up from or depress to lower levels. 

Elbert C. Weaver 
Cross-references: Hands, Valence, Combining 
Weight , Formulas 


COMBINING WEIGHT 

The combi mug weight (or equivalent weight) of 
an demon I is found as one step toward determin- 
ing its atomic weight by a chemical method. Most 
of the atomic weights today are found by use of 
the mass spectrograph, which also gives infor- 
mation about the isotopes present and their rela- 
tive abundance. The chemical methods of finding 
atomic weights are fast becoming of only historical 
interest . 

Although any weight, of any element may be 
selected as a standard for combining weights, ex- 
pi iience. shows that exactly 8 grams of oxygen is 
the most satisfactory standard. Oxygen combines 
directly with many metals and nonmetals. The 
combining weight of an element may be defined as 
the weight of that element that combines with 
8 g of oxygen, or its equivalent. Since 8 g of oxygen 
combines with 1.008 g of hydrogen, the latter is 
considered equivalent to 8 g of oxygen. When the 
value of 8 g is selected for the combining weight 
of oxygen, no element has a combining weight 
value less t han 1 . 

The task of finding combining weights consists 
of measuring with some precision the weight of the 
element that combines with 8 grams of oxygen. 
For elements that do not combine readily with 
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oxygen, the weight of that element that combines 
with 1.00S g of hydrogen, or replaces that weight 
of hydrogen from an acid, may be found. In many 
cases, different weights of an element may combine 
with 8 g of oxygen. In such cases, the element has 
more than one combining number. 

The facts needed to find a combining weigh! 
may be measured in the laboratory. For example: 
8 g of ox} r gen combines completely with 12.16 g of 
magnesium when the two elements combine. 
Hence the value 12.16 is accepted as the combining 
weight of magnesium. 

In another experiment, more frequently per- 
formed, the combining weight of magnesium is 
found by measuring the volume of hydrogen that 
magnesium replaces from acid, finding the weight 
of the hydrogen, and calculating the weight of 
magnesium needed to produce 1.008 g of hydrogen. 
In this case, a piece of magnesium is used that 
weighs 0.01)60 g. The metal is immersed in dilute 
acid and all the hydrogen released is collected in a 
gas-measuring bundle. The volume of gas at 
standard teni|H*raturc and pressure, after the 
necessary corrections have been applied, is 8S.4 
ml, or 0.0881 liter. Hydrogen weighs 0.0890 g/litcr 
(its density at SIT), so the weight of hydrogen is 
0.0884 liter X 0.0S99 g/liter, or 0.00795 g. 

If 0.0960 g of magnesium released 0.00795 g of 
hydrogen, then the weight of magnesium that can 
release l.OOS g of hydrogen is found by the pro 
portion 

0.09 6 K = 0.00795 g 
jr “ l.OOS g ' 

The value for x f tin* combining weight of mag- 
nesium, is 12.17 from the solution of this propor- 
tion. The accepted value is 12.16. 

The combining weight is now used to find Ihe 
atomic weight of magnesium as follows: Accord- 
ing to the law of Dulong and Petit, the atomic 
weight. X specific heat = 6.4. The results from the 
use of t his law* arc* necessarily approximate because 
the specific heat varies with the temperature, state 
of matter, and other factors. For metals, however, 
application of the* lawr gives an approximation that 
shows the order of magnitude of the correct value 
of the atomic weight. 

The specific heat of magnesium is 0.25 (eal/g/ 
°C). Atomic weight of magnesium = 6.4/0.25, 
or 25.6, that is, the atomic weight of magnesium 
is approximately 25.6. Since 25.6/12.17 is ap- 
proximately 2, the combining weight of mag- 
nesium should be multiplied by 2 to find the 
atomic weight. In this case 12.17 X 2 = 24.34, 
atomic weight of magnesium. The accepted value*, 
in the International Table, based on more exact 
work, is 24.32. 

Other experiments show that 1 .008 g of hydrogen 
is equivalent to 35.457 g of chlorine when the two 
elements combine directly. Likewise 1.008 g of 
hydrogen is equivalent to 79.916 g of bromine. 

According to the experiments of Richards and 
Cushman, an average of 8 trials, 24.28947 g of 
highly purified nickel bromide produced 6.52235 g 
of metallic nickel when the bromide wras reduced 
with hydrogen. The weight of bromine present is 
found to lie 17.76612 g (by subtracting, 24.28947 - 
6.52235.) . The ratio of bromine to nickel is 17.76^12/ 


6.52235. If we accept. 79.916 as the combining 
weight, of bromine, then the combining weight of 
nickel is found by the proportion 17.76612/ 
6.52235 — 79.916/a:; / =» 29.311, the combining 
weight, of nickel. 

The specific heat of nickel is about 0.11. Apply- 
ing the law' of Dulong and Petit w r e get atomic 
weight. X 0.11 * 6.4. The atomic weight, of nickel 
is about 58.2. Since 58.2/29.311 is approximately 2, 
2 X 29.341 = 58.6S2, atomic weight of nickel. The 
accepted value in the International Table is 58.69. 

Elbert t\ Weaver 
dross -references: Combining Sumhrr, Formulas 


COMBUSTION 

Combustion in its broad sense includes not only 
the process of chemical combination with oxygen 
but also combination with chlorine and various 
other substances. Fire may be defined as rapid oxi- 
dation with the evolution of light and heal. Air 
contains approximately one-fifth oxygen and four- 
lift hs nitrogen by volume. Except in a. few special 
casc*s the nitrogen in the air docs not. enter the 
chemical reaction of combustion, and serves only 
to dilute tin* oxygen, thus reducing the intensity 
of combustion as compared with an atmosphere of 
pure oxygen. In an atmosphere of pure oxygen finis 
burn with greatly increased intensity, and some 
substances may ignite spontaneously at room 
temperatures. 

Fire can continue only where there are present 
fuel, oxygen (or other oxidizing agent) f«*m the 
air or ot her source, and a sufficient ly high tempera- 
ture to maintain combustion. Extinguishment can 
be accomplished by the elimination of any one of 
the three factors: by removing the fuel, by exclud- 
ing oxygen (smothering), or by reducing the tern 
perature (cooling by water or other means). 

In the burning of most substances the actual 
combustion takes place only after the solid or 
liquid fuel has been vaporized or decomposed by 
heat to produce u gas, and the visible liana* is the 
burning gas. However, in the case of solid fuels 
wdiich do not evaporate or decompose to form gases 
at. ordinary fire temperatures, combustion also 
takes place by direct combination of the fuel with 
oxygon, particularly in the case of the glowing 
combustion of charcoal or of charred wood re- 
maining after combustible gases have burned. 

Most ordinary combustible materials consist of 
compounds mainly composed of carbon and hy- 
drogen. When materials burn in a free air supply 
the principal products of combustion are carbon 
dioxide and steam. With a restricted air supply 
carbon monoxide may be produced, but when sub- 
sequently in contact with additional oxygen the 
carbon monoxide will burn to form carbon dioxide 
(assuming a source of ignition). 

A few materials such as pyroxylin plastic con- 
tain enough oxygen chemically combined so that 
partial combustion or decomposition may occur 
without oxygen from the air. Such materials can- 
not be extinguished by removal of oxygen supply 
(smothering), but only by cooling. 

C. 1. Babcock 

Cross-references: Autoiynition Point , Fuels 
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CONCRETE, see CEMENT, PORTLAND 
CONDUCTANCE 

When a strong electrolyte is dissolved in water, 
the solute consists of electrically charged mole 
rules, called ions. If the solution is sufficiently 
concentrated, some of the oppositely charged ions 
associate giving, in etTcct, a neutral molecule of 
the dissolved electrolyte. Weak electrolytes be- 
have as though a major part of the solute is in the 
molecular state; while only a small fraction is 
ionized. When an electrical potential difference 
exists between electrodes in the solution, the posi 
lively charged ions (cations) flow toward the nega- 
tive electrode, the cathode. The anions flow 
toward t la* anode. Thus a flow of elect ricity occurs 
in the solution and Ohm’s law. If *= #£//, applies. 
K is the difference in potential, / is the current 
strength and If is the resistance of Ihc solution. 
The resistance of l cc of a solution between elec- 
trodes 1 cm apart is the specific resistance, /£, of 
the solution. The magnitude of the specific re- 
sistance is a function of several variables; the 
Fiat ure of the electrolyte, the concentration of the 
solution, temperature etc. The magnitudes of 
some specific resistances are. 

Silver 1.6 X 10 6 

NaCI (f lined) 2.0 X 10 1 

1.1/ KCl S.O 

o.ixii.i/ Kri o.s x io* 

o.ooi.l/ riiji'nnii 2. i x 10* 

Wafer 2.5 X 10 7 

Resistance of solution measurements are usually 
made by means of a Wheatstone bridge, one arm 
of which is a conductivity cell containing the so- 
lution. Several characteristics of the bridge should 
be taken into consideration, depending upon the 
accuracy which is desired. A pure sine wave, low 
voltage and moderate frequency alternating cur- 
rent is generally employed. Six volts and 1000 
cycles are satisfactory. At high voltages (20,000 
volt si the Wien effect and at high frequencies 
(30.000 kilocycles) the Falkenhauser effect are en- 
countered, giving extraordinary results. Alter- 
nating current is used to minimize polarization 
effects at. the electrodes. Polarization effects are 
further minimized by using platinum electrodes 
coated with platinum black. Such electrodes have 
large surfaces and low overvoltage. The conduc- 
tivity cell is designed so as to minimize capacity 
effects due to the filling tubes and the lead-in 
wires. Residual capacity effects arc balanced out 
by including a variable capacitor across t he decade 
resistance box which servos as one arm of the 
Wheatstone bridge. The resistance spools in this 
box should have a bifilar winding. 

Special shapes are used in making the cell de- 
pending on the resistance of the solution to he 
measured. The dimensions of the particular cell 
are determined by filling it with a solution of 
knowm specific resistance (usually a KCl solution) 
and measuring the resistance. This gives a cell 
constant in terms of the dimensions of the cell. 
The null point, in the Wheatstone bridge setting 
is determined by a telephone receiver tuned to the 
frequency of the current used. For less precise 


measurements, the “electric eye” cathode tube 
may be used. Flee trie leakage is guarded against, 
by carefully shielding the equipment. The con- 
ductivity cell is kept, at constant temperature be- 
cause the temperature coefficient of electrical re- 
sistance is quite high. When proper precautions 
are taken, the measurements of the resistance of 
solutions are classified as among the more precise 
physical chemical measurements. 

The conductance , L, of a solution is defined as 
the reciprocal of the resistance, (1), L =» \/H. The 
specific conductance of a solution, (2) L = 1//7, is 
the; conductance of 1 cc of the solution between 
electrodes 1 cm apart. It is a function of the same 
variables as is the resistance. The equivalent con- 
ductance, A, is of more theoretical significance 
than the specific conductance. The equivalent 
conductance is related to the specific conduct mice 
by the equal ions, (3) A = VL = lUOOL/c, where V 
is the volume of the solution containing one equiv- 
alent weight of electrolyte and c is the normality 
of the* solution. It is defined as the conductance of 
a solution which contains one equivalent weight of 
electrolyte between electrodes one cm. apart. 

Kohlraiiscb, who pioneered in the field of elec 
trical conductance* measurements, established the 
relationships, ( I) L = /,. + / and (5) A = A, + X. ; 
that is, the conductance of a solution of an elec- 
trolyte is the sum of the conduct anre of the ions 
in that solution. The /'s are specific ion conduc 
lances and the A 'sure equivalent ion conductances. 
Ionic conductances are functions of transference 
numbers and of ionic mobilities. They may be 
evaluated from equivalent conductance and trails 
ference number data by means of the relationship 
(6) l\ ~ t> A. Tables of ionic conductances arc 
found in handbook literature. 

For theoretical considerations the equivalent 
conductance at intinite dilution, An , is an im 
port aul function. J'liis is defined as tlu; equivalent 
conductance of a solution which is dilute enough 
sn that further addition of solvent does not affect 
the conductivity. Its value cannot be measured 
direct l \ because the concentrations of these very 
dilute solutions are so low* that the physical meas- 
urements have a high degree* of uncertainly. Its 
value is obtained by extrapolating values of A 
versus \ r to zeio concentration. These values of 
A \s are obtained by measurements on solutions 
which are sufficiently concentrated so that ac- 
curate data can be obtained. The Debye-IIiickel 
theory, which applies to the dilute region in which 
11* conductivity measurements are uncertain, 
shows that a straight-line extrapolation is valid. 
Conversely, conductance measurements on fairly 
insoluble salts have been fruitful in confirming the 
validity of the Debye -lliickel theory (which see). 

The extrapolation method does not apply to 
solutions of weak electrolytes. In this case, not 
only docs the uncertainty in the measurements 
occur at higher concentrations, owing to the low 
values ot A, but also the values of A are changing 
with dilution so rapidly that the destination of the 
curve at zero concent rat ion cannot, be estimated. 
A second method is available for these cases as well 
as for the case of the st rung electrolyte. This is the 
application of Kohlrausch’s law, (7) A t » = 
X04 . + Ad- . The values of the ion conductances at 
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infinite dilution have been determined by meas- 
urements of A’s for strong electrolytes and the 
value of the transference number of some strong 
electrolyte by means of the equation (8) Xo+ * 
A«f*f . 

The Onsager equation — a modification of the 
Debye-Hilckel equation-— is (9) 

A * Ao — (A 4” BAo) v ^ » 

where A and B arc constants dependent on the 
solvent and on the temperature. A is a function of 
the dielectric constant and of the viscosity of the 
solvent and B is a function of the dielectric con- 
stant of the solvent. This equation is applicable to 
dilute solutions only. Some factors which cause 
deviations from the equation in more concen- 
trated solutions are incomplete dissociation, yield- 
ing simple ions, intermediate ions, ion-puirs and 
neutral molecules, and the solvation of these 
charged and neutral molecules, thus changing the 
nature of both the solute and the solvent. These 
factors have not yet been satisfactorily evaluated. 

In addition to the very extensive studies made 
on the conductance of aqueous solutions of elec- 
trolytes, much work has been done on the con- 
ductance of solutions in nonaqueous solvents and 
in mixed solvents. In these studies the unique ef- 
fects can probably be attributed to variations in 
the dielectric constants and the viscosities of the 
solvents and to different degrees of solvation of 
the solutes. 

Conductivity of solutions has been of practical 
value in several fields. One of the most important 
methods for determining the solubility of slightly 
soluble electrolytes is by measuring the con- 
ductance of their saturated solutions. In this case 
it is assumed that A — A 0 and equation (g) is ap- 
plied to calculate the concentration. Conductance 
measurements are made to determine the end 
points in titrations. This is possible because of the 
difference in the mobilities of the ions formed or 
added as the titration proceeds. Conductance 
measurements are used in controlling the concen- 
tration of solution in chemical processes. In elec- 
trochemical processes the voltage drop across the 
electrolytic cell is composed of reversible and irre- 
versible potential drops at the electrodes and of 
the potential drop required to overcome the ohmic 
resistance of the bath. Substitution of one electio- 
lyte for another may substantially change the 
magnitude of this last component. 

W. W. Ewing 

Cross-references: Debye-Hilckel Theory , Electrol- 
ysis, Ionization , Ions , Solutions , Electrochemistry 


CONDUCTOMETRIC TITRATIONS 

Conductometric titrations are titrations in 
which the end-point determination depends upon 
a ehange in conductivity of the solution being 
titrated. The method depends upon the involve- 
ment of ions in the titration reaction such that 
rate of change of the conductivity changes at the 
end point. The individual ion equivalent conduc- 


tivities at infinite dilution for a series of ions are: 


H + 

315.2 

OH- 

173.8 

Li+ 

33.0 

ci- 

65.5 

Na + 

43.2 

Br“ 

67.3 

K + 

64.2 

I- 

66.3 

Ca + * 

51.9 

sor 

68.5 

Ba + + 

55.4 

Nor 

61.6 


The conductivities of the salt or acid solutions 
formed from those ions are roughly proportional 
to the sum of the individual ion conductivities. 

For example, if an acid is titrated with a base, 
the conductivity of the acid is first measured; then 
as the base is added acid and base are converted to 
salt and undissociated water having a lower con- 
ductivity. Thus the conductivity is decreased as 
the acid is neutralized until the end point is 
reached. With the addition of more base, the con- 
ductivity rises again, due to the presence of the 
good conductor, hydroxyl ion, in the base. The 
original decrease in conductivity as the base is 
added is approximately linear, as is the subse- 
quent (to the end point) increase in conductivity. 
Thus, if a plot is made of conductivity vs ml. base 
added, the lines before and after the end point may 
be extrapolated until they cross. The crossing 
point is the end point (Fig. 1). 

A large number of reactions involving ions which 
are rapid and complete enough to be used quan- 
titatively can be done conductometrically, Gon- 
crally, rather concentrated solutions are used to 
get a good rate of change of conductivity as the 
titrant'is udded. The method is most accurate in 
titrations giving the largest change in Tate of 
change of conductivity at the end point. Gener- 
ally speaking, the accuracy is comparable to that 
of other methods of end-point indication and has 
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the advantages of requiring simple apparatus, 
working in highly colored solutions and being very 
generally applicable. The disadvantages are the 
necessity for the reaction to be ionic, the failure 
of the method in cases where a high concentration 
of supporting electrolyte is present (e.g., sulfuric 
acid in a dichromate oxidation) and the require- 
ment of plotting data as the reaction proceeds in 
order to find the end point. 

F. R. Duke 

Cross-references: Jons, Solutions , Analytical 
Chemistry 


COOLANTS 

Coolants represent a general class of heat- 
transfer agents used in a flow system to convey 
heat from a source. The energy transfer from the 
source to the flowing or circulating medium is 
manifested most frequently as sensible heat, pro- 
ducing a temperature rise in the coolant. The mag- 
nitude of the coolant temperature rise, A7', is 
dependent upon the flowing heat capacity, wc 
(where w is the mass fBwy rate of coolant and c is 
the heat capacity of the coolant), and the rate of 
heat transfer, q , where in simple cases, q = wc&T. 
In cases where the specific heat is a function of 
temperature and pressure, and/or where phase 
changes occur, reference should be made to the 
thermodynamic equations, charts and tables 
available for most common coolants for the evalu- 
ation of the coolant exit, enthalpy and tempera- 
ture rise. The AT is called the transport tempera- 
ture rise. Properties of the coolant other than the 
specific heat may be utilized, such as latent heat 
associated with melting, vaporization, sublima- 
tion, or other phase transitions. Flow systems 
with endothermic reactions can also be adapted 
as coolants. By far the most common coolants are 
water and air, and involve energy transfer simply 
as sensible heat.. 

The transfer of energy as heat from a source to a 
coolant requires a temperature driving force desig- 
nated as A/, the transfer temperature rise. Factors 
which influence A t include the heat -transfer co- 
efficient of the coolant. The physical properties of 
the coolant affecting the heat- transfer coefficient, 
arc density p, heat capacity c, viscosity p, thermal 
conductivity k , and in the case of natural convec- 
tion, the coefficient of volumetric expansion 0. The 
power expended for pumping the coolant may be 
a factor involving coolant selection, and the two 
important, physical properties in the pressure drop 
and flow w r ork evaluations are viscosity and den- 
sity. 

Aside from the usual requirements concerning 
availability and price, other coolant properties 
which need be considered are the phase pressure- 
temperature saturation curves, thermal stability, 
and component compatability covering scale, 
corrosion, and in some high-temperature cases, 
metal transfer. The choice of coolant for special 
purposes, such as involved in nuclear reactors, 
requires the evaluations of neutron absorption 
cross-sections, of possible induced radioactivity, 


and of radiation (exposure to fast neutron and 
gamma fluxes) damage. As an illustration, heavy 
water has more desirable nuclear properties than 
light water, and if its availability could be mark- 
edly improved and its price reduced, heavy water 
would find even more extensive use as a reactor 
coolunt. Though gases, in comparison to liquids, 
have relatively poor heat-transfer characteristics, 
the extensive use of air, for example, is dependent 
largely on its no-cost basis. Other factors that 
can limit the choice of coolant in special applica- 
tions, to note but a few, are the use of air rather 
than water as a coolant to render graphite-mod- 
erated, naturul uranium reactors nonautocata- 
lytic, the use of hydrogen in cooling electric 
generators because of its high specific heat and 
low windage loss, and the use of natural gas as a 
cooling and reducing medium. A very common 
example of a gas coolant acting also as a carrier is 
in water cooling towers with forced or natural 
draft. Some other special properties that have 
been emphasized include total weight of coolant 
system in airplane designs, and good wetting and 
spreading action in water emulsion cutting cool- 
ants, along with lubricity to produce a fine finish. 

Low -temperature coolants include salt-water 
solutions, ethanol, methanol, glycols, glycerol; 
common industrial refrigerants such as ammonia, 
sulfur dioxide, the “Freons”, methyl chloride, 
propane, butane, and propylene; and high-pres- 
sure refrigerants including methane, ethylene and 
carbon dioxide. Liquefied gases (air, nitrogen, 
hydrogen and helium) arc used for very low tem- 
perature cooling. 

Significant reductions in system operation pres- 
sures (and hence possible suvings in equipment 
design) can be achieved by using coolants other 
than water for high temperature heat exchange. 
For example, up to temperatures in the range of 
700°F, coolants used include oil, “Dowtliorin” 
(eutectic mixture of 73.5% diphenyl oxide and 
26.5% diphenyl), and mercury. For somewhat 
lower temperature limits, chlorinated biphenyl 
and tctraryl silicates can be used. Above 700 <, F, 
special inorganic salt, mixtures have been used, 
such as UTS (40% NnXOs , 7% NaNO* and 53% 
(wt) KXOs). The nuclear reactor program has 
accelerated the development of the technologies 
for handling molten metals, including sodium, 
sodium-potassium alloy (NaK), and bismuth. 
Other molten metals suggested as coolants include 
lead and lead-bismuth eutectic. 

Solids may also be used to remove or transfer 
heat, ami to stabilize temperature. For example, 
some designs of moving beds (pebbles of ceramic 
materials) represent significant improvements 
over the bulky regenerative type of heat exchange. 
In the catalytic cracking of petroleum, new devel- 
opments are the giant fluidized beds. Elemental 
solids with high melting points and relatively high 
volumetric heat capacities have been proposed as 
coolants for high temperatures. 

Safety is a dominant factor which cannot be 
overlooked in handling potentially hazardous 
coolants. For example, for haudling liquid metals 
and radioactive coolants, many new techniques 
are emerging for obtaining leak-tight systems. 
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Comparison of Heat-Transfer Fluids for High Temperatures* 



Sodium 

NaK (44% K) 

HTSt 

Dow therm At 

Mercury 

Lead 

Pb-Bi Eutectic 

Melting Point, °F 
Boiling point, °F 

208 

65 

290 

55 

-37 

622 

257 

14.7 psia 

1616 

1518 

— 

485 

676 

3170 

3038 

100 psia 

— 

— 

— 

690 

908 

— 

— 

500 psia 

— 

— 

— 

(940) 

1194 

— 

— 

Liquid Density 







g/cc at m.p. 

.9287 

— 

1.97 

— 

— 

10.2 

— 

60°F 

— 

.91 

— 

— 

13.5 

— 

— 

1000°F 

— 

.778 

1.69 

— 

12.3 

— 

10.0 

Specific Heat 

Btu/lb. °F 

.33-. 30 

0.28 

.373 

.63-. 69 
(Liquid) 
500°-760° 

0.033 

.034 

.035 

290°-680° 

Latent Heat of Vapor, 

1980 

— 

— 

140.-89. 

127 

365 


Btu/lb. 








Thermal Conductivity 
(Btu) (ft) 

49-38 

14-16 

— 

.105 

400 o -600 o 

5-9. 

8. 

5. 3-0.5 
320°-610° 

(hr) (°F) (ft*) 








Heat-Transfer coeffi- 

6400 

3500 

200-2600 

200-300 

5700 

4100 

3700 

cient 

Btu 

(hr) (°F) (ft*) 

10 ft/sec 

10 ft/sec 

depend- 
ing on 
Vel. and 
Temp. 

condens- 

ing 

10 ft/sec 

10 ft/sec 

10 ft /sec 

Latent Heat of fusion 








Btu/lb. 

49 

— 

35 

— 

— 

11.3 

— 

Viscosity ccntipoise at 








m.p. 

0.70 

— 

19. 

5. 

1.9 

2.1 

— 

600°F 

.30 

0.24 

2.9 

0.35 

— 

— 

1.75 

1000°F 

— 

0.12 

1.1 

■ — 

— 

1.7 

1.24 

Probable Temperature 

250- 1500 

100-1400 

400-1000 

360-750 

-37-1000 

650 1700 

3?m 1700 

range, °F 


i 



i 




* “Liquid Metals Handbook’ *, 2nd Edition, 1952. 
t Heat Transfer salt composed of NaN(v, NaN0 3 , and KNOj . 
t Eutectic Mixture of diphenyl and diphenyl oxide. 


Special designs are used in liquid metal-to-watcr 
heat exchangers to detect and prevent leakage. 

Herbert S. Isbin 

Cross-references : Heat Transfer 


COORDINATION COMPOUNDS, it* CHELATION, SE- 
QUESTERING AGENTS 

COPPER A BRASS RESEARCH ASSOCIATION 

The Copper A Brass Research Association is a 
trade association of the brass mills in this country. 
Brass mills roll, draw and form plate, sheet, strip, 
tube, pipe, rod, wire and shapes of copper, brass, 
bronze and other copper-base alloys containing 
40% or more of copper. The brass mill industry 
also includes the forging of copper and its alloys 
but it does not include the producers of the raw 
metals, foundries, or the production of wire and 
cable for electrical transmission. 

The Association was organized in 1921, and its 
primary purpose then was to help dispose of the 
large surplus of copper which had accumulated by 
the end of World War I and for which there was, 
at that time, little visible demand. In 1933 the 
so-called “Copper and Brass Mill Products Asso- 


ciation” was formed by the brass mills to consider 
problems other than those for which the Research 
Association was formed. At a joint meeting on 
April 30, 1940 the two associations were merged 
under the name of the Copper & Brass Research 
Association. 

The Association concerns itself with research, 
product promotion, publicity, technical problems, 
statistics, information, industrial relations, traffic 
and standards. It has standing committees con- 
sisting of properly qualified representatives from 
the Industry which, in frequent, meeting, plan its 
activities in these various fields. The wofk of these 
committees is coordinated through an Executive 
Committee responsible directly to the* Board of 
Directors. The Board consists of a grou|| of execu- 
tives, representative of the Industry aj} a whole, 
and it, with the advice of legal counsel, |nakes the 
final determination as to the propriety and desir- 
ability of all work carried on by the Association. 
The execution of the work which has’ been ap- 
proved as an Association undertaking is the re- 
sponsibility of the Manager, who is the operating 
executive of the Association, and his staff. 

From a technical viewpoint the two important 
activities of the Association have to do with re- 
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search and standardization. Its Technical Com- 
mittee reviews the problems having to do with the 
manufacture and utilization of the various mill 
products, and where the need is indicated initiates 
research projects to seek the answers to the prob- 
lems. The Association has no laboratory of its own, 
and the procedure generally follows one of three 
courses. A sponsored research project may be 
arranged at a college, university or other institu- 
tion specially equipped for and interested in the 
problem at hand. An alternative for certain 
types of problems is to refer the proposition to the 
laboratories of the various brass mills, basing the 
report on the consensus of the findings. If the 
problem is a relatively minor one, it may be re- 
ferred to the laboratory of just one company. 

The Committee on Standards has been engaged 
for about twenty years in an extensive and inten- 
sive development of comprehensive standards 
applicable to brass mill products. These standards, 
using the term “standards” in its broader sense, 
are compiled in a so-called “Manual of Standards” 
listing useful information, including physical and 
chemical characteristics, pertaining to about forty 
of the more commonly used copper-base alloys. 
Included also are staudurd dimensional and re- 
lated tolerances for all the principal brass mill 
products, terminology applicable to the products 
of the Industry, weight tables and other estimat- 
ing data. The standard tolerances are broadly 
representative of good mill practice and are indica- 
tive of what the purchaser may expect under nor- 
mal commercial conditions where particular 
tolerances are not specified by them. The wide 
circulation of the Manual of Standards is among 
users of the products of the Industry, and has 
served to provide information which it is believed 
they need for a better practical understanding of 
brass mill products. 

The Association is a member of the American 
Standards Association and is represented not only 
on the Council and in the Conferences of Execu- 
tives of Organization Members, but also on sec- 
tional committees whose work has any bearing on 
the products of the Industry. Together with other 
interested groups it has been and is active in the 
development of many complete standards, in- 
cluding the acceptance as ASA standards of the 
standards developed for the Manual of Standards. 
In’ addition to this cooperation with ASA, the 
Association through its association with and rep- 
resentation in such groups as the American Society 
for Testing Materials, the American Society of 
Mechanical Engineers, the Society of Automotive 
Engineers and others, has assured that the stand- 
ards arc not only representative of good mill prac- 
tice, but also meet the needs of the users of the 
materials of the Industry. ISvcry attempt is made 
by the Association to keep these standards strictly 
up-to-date and thus reflect the latest develop- 
ments in mill practice. By working closely with 
the other specification-writing bodies, including 
various government agencies, much has been 
accomplished to eliminate, as far as practical, in- 
consistent and ambiguous requirements in the 
various specifications covering brass mill prod- 
ucts. 


Not the least of the standardization has been to 
define what is meant by copper, brass and bronze, 
and it should be pointed out that in discussing 
brass mill products, all of the coppers, brasses and 
bronzes are included. 

T. E. Veltkort 

Cross-references: Copper, Metal* 


COPPER AND ITS COMPOUNDS 
Metallic Copper 

Copper, the leading nonferrous metal, has been 
used since prehistoric times, and is used today in 
greater amounts than ever before. Its combination 
of high electrical and thermal conductivity, re- 
sistance to corrosion, ductility, and suitable 
strength, as well as its many valuable alloys, make 
it an extremely useful metal. 

Occurrence. Copper is widely distributed in 
many parts of the world, and is found in a variety 
of ore minerals. The ores, however, are for the 
most part of low grade. Higher-grade ores once 
available have been exhausted, and those being 
mined at present in the United States average less 
than one percent copper. The ores are classified 
in three groups: sulfide, oxidized, and native 
copper. The sulfide ores are by far the most im- 
portant. Chief among the sulfide minerals are 
chalcocile, Cu 2 S, and chalcopyrite, CuFeS* . Other 
principal minerals in this group are covellite, 
CuS; bornite, Cu s FeS 4 ; enargite, Cu 3 (As, Sb)S 4 ; 
tetrahedrite, Oui 2 Sb 4 Si.i ; and tennantite, Cui 2 - 
As 4 S] 3 . The oxidized ores include the copper 
oxides and combinations of these with C0 2 , SO* , 
Si0 2 , and ll«0. Native copper ores, containing 
uncombined copper, at one time occurred in nu- 
merous localities, but now are found in commer- 
cial tonnages only in the State of Michigan. 

Many of the large low-grade copper ore bodies 
have the cop|ier minerals disseminated in small 
particles through monzonitic igneous rock called 
“porphyry”. The disseminated minerals are usu- 
ally sulfides, sometimes oxides. Over 40% of the 
world's copper supply is currently coming from 
porphyry deposits, which include the leading 
deposits of the western and southwestern United 
States as well as in other countries. The sulfide 
copper ores, and sometimes others, usually con- 
tain gold and silver in important amounts; the 
recovery of these metals is effected through 
electrolytic refining of copper. 

Pioduction. The world’s production of new 
(primary) copper in 1953 was a little over 3,000,000 
short tons. The leading countries were: United 
States, with 31% of the total production; North- 
ern Rhodesia, 13%; Chile, 13%; Russia, 11% 
(estimated), Canada, 8%; Belgian Congo, 8%. 
The American Bureau of Metal Statistics, which is 
the source of the data quoted, lists production 
from 26 other countries, no one of which con- 
tributed as much as 2.5%. Of the 925,000 tons pro- 
duced from United States mines, 42% came from 
Arizona, 29% from Utah, 9% from Montana, 7% 
from New Mexico, 7% from Nevada, 3% from 
Michigan, and 3% from other states. 

In addition to the above production of primary 
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copper, there is a large output of secondary or 
scrap copper. In the United States this amounted 
to 941,000 short tons in 1953, of which 409,000 tons 
was old (used) scrap and 532,000 tons was new 
(manufacturing) scrap. These figures include the 
copper content of scrap brass and other copper 
alloy Bcrap. 

Extraction from Ore. Copper may be extracted 
from its ores either by smelting or by leaching, but 
more than nine-tenths is obtained by smelting. 
Before furnace treatment the ores are concen- 
trated by the flotation process with preliminary 
fine grinding and classifying. This yields concen- 
trates commonly carrying 15 to 50% copper. Ex- 
cept in a few instances the ores are not smelted 
directly to metallic copper, but arc smelted to 
matte, which is composed essentially of copper 
sulfide (Cu*S) and iron sulfide (FeS), together 
with lesser amounts of other sulfides and Fe a 0 4 . 
It is necessary to control the copper content of 
the matte, and this is done by adjusting the 
amount of sulfur in the charge by mixing different 
ores and often by preliminary roasting to elim- 
inate part of the sulfur. Smelting is usually done 
in large reverberatory furnaces fired with natural 
gas, oil, or pulverized coal. Modern furnaces 
usually have a capacity between 700 and 2,000 tons 
of charge per 24 hours. Silica and other oxide con- 
stituents either existing in the charge or formed 
in the furnace combine with added flux to form a 
slag. The principal flux is iron oxide, usually with 
a small amount of limestone, forming a slag that 
is primarily a silicate of iron and some lime. 

In order to obtain metallic copper from matte, 
the latter is transferred to a converter while still 
molten, where it undergoes an operation analogous 
to the Bessemer steel process. Air is blown through 
the matte, oxidizing the iron und sulfur; the latter 
passes into the gas as sulfur dioxide, while the 
former is slagged by addition of silica as a flux. 
Copper 98 to 99% pure, called “blister copper,” 
remains. The converter, in the shape of a horizon- 
tal barrel, may produce about 75 tons of blister 
copper in a 12-hour blow, the production and time 
depending upon the grade of the matte. No fuel is 
used, the necessary heat being derived from oxida- 
tion of iron and sulfur. 

In the hydromctallurgical method of extraction, 
the ore is leached without prior concentration, 
usually with sulfuric acid. The copper is extracted 
from the resulting solution either by electrolysis or 
by cementation on iron. The electrolytic method 
regenerates the acid and the solution is used again 
for leaching. 

Refining* Specifications for copper for electri- 
cal uses call for a minimum purity of 99.92%. 
Electrolytic refining iB required to achieve this 
standard, as well as to recover gold and silver 
present in the ore and which remain in solution 
in the matte and blister copper. The prepara- 
tion of anodes suitable for electrolytic refin- 
ing necessitates a preliminary furnace refining, 
which is essentially a process of oxidizing those 
impurities more readily oxidized than copper. 
The anodes are suspended in an electrolyte of 
copper sulfate and sulfuric acid. Copper of 99.98% 
purity is deposited on the cathodes, which are 


usually remelted and cast into wire-bars, cakes, 
billots, and other shapes suitable for rolling, draw- 
ing, extrusion, and other fabricating methods. 
Some of the impurities contained in the anodes 
dissolve in the electrolyte without plating out at 
the cathode, while others remain insoluble at the 
anode. The latter, constituting the “anode slime”, 
include the gold and silver, which are recovered 
by further treatment of the slime. 

Chemistry und Properties. Copper is the first 
element of subgroup IB of the Periodic Table. Its 
atomic number is 29 and the electron configuration 
is 2:8:18:1. The crystalline structure is face-cen- 
tered cubic, with the cubo side dimension a » 
3.6080 kX at 20°C. The minimum interatomic dis- 
tance is 2.551 kX. 

The density of copper i.s 8.94 at 20°C, while that 
of liquid copper at the melting point is 7.93. The 
melting point is 1083°C and the normal boiling 
point about 2595°C. 

The atomic weight of copper is 63.54. The 
natural element is a mixture of the two isotopes 
Cu M , with 29 protons and 3.4 neutrons, and Cu 66 , 
with 29 protons and 36 neutrons. Unstable iso- 
topes of mass numbers 60, 61, 62, 64, 66, and 67 
have been found; of these Cu 87 has tin; longest 
half life, 56 hours. 

The electrical conductivity of copper is com- 
monly stated in terms of a standard adopted by 
the International Electrotechnical Commission, 
which assigns a percentage value of 100 to copper 
having a mass resistivity of 0.1532S ohm (meter, 
gram) nt20°C. This value, called the International 
Annealed Copper Standard (I ACS), corruaponds 
to a volumetric resistivity of 0.0000017241 ohm for 
a cube measuring 1 cm on each side. 

Specifications require that copper for electrical 
use meet the IACS conductivity of 100, but pure 
copper (polycrystalline) has been made having a 
conductivity of 102.3, and most commercial copper 
falls between 100.5 and 101.8. The volumetric con- 
ductivity is 94% of that of silver, while that of the 
next highest metal, gold, is only 66% of that of 
silver. The thermal conductivity at 20°C is 0.934 
cal per sq cm per cm thickness per °C per sec. 

The heat of fusion of copper is 48.9 cal per gram 
and the heat of vaporization about 1150 cal per 
gram. The specific heat of the solid is 0.092 cal 
per gram at 20°C and increases between 0 and t°C 
according to the expression 0.092 -f 0.00002501 
cal per grain. The specific heat of the ^liquid is 
0.112 and of the vapor approximately 0f08. Cop- 
per is diamagnetic, having a susceptibility of 
—0.080 X 10" # cgs units per gram at 18°C. 

The ultimate tensile strength of hot-rilled cop- 
per is about 32,000 psi, yield strength 19,000 psi, 
elongation 45 to 55% in 2 inches. TMe tensile 
strength of cold-worked copper increase^ to about 
57,000 psi after 70% reduction in nrea,Jwith de- 
crease of elongation to 4%. The elastic modulus in 
tension is 17,000,000 psi for annealed copper. 

The mechanical properties stated above are 
those of electrolytic tough -pitch copper f which is 
purposely cast with an oxygen content df 0.03 to 
0.04%. Some commercial copper is sold as oxygen- 
free copper; some of the properties of this form will 
differ slightly from those of tough-pitch copper. 
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The standard potential of bivalent copper is 
+0.34 volt at 25°C. Its excellent corrosion resist- 
ance is due both to its relative nobility in the 
electropotential series of metals and to the forma- 
tion of a protective film. In weathering, the coat- 
ing is composed of hydrated copper carbonate, 
which is mixed with basic copper sulfate in indus- 
trial atmospheres. The coating is green and while 
somewhat powdery at the surface is dense and ad- 
herent at the junction with the underlying metal. 
Under other conditions, and especially when 
heated, copper receives a coating of black oxide, 
CuO, when freely oxidized, or of brilliant purplish 
red Cu s O when oxidation is restrained, as by 
spraying with water while hot. 

Uses. About 65% of the usago of copper is for 
electrical purposes, including power transmission 
and generation, telephone and telegraph, motors, 
switchboards, lighting, radio and television, air 
conditioning, electric refrigerators and clocks, 
electric wiring, etc. About 15% is used in building 
construction, including pipes and plumbing, roof- 
ing, gutters, leaders, hardware, etc. The automo- 
tive industry takes about 12%, not including the 
electrical parts. Machinery and industrial equip- 
ment consumes 9%\ *rhese figures include the 
copper contained in brass and other alloys as well 
as pure copper. In time of war the use of copper in 
cartridge cases, shell bunds, etc., as well as for 
field communications and in ships, tanks, and 
trucks, is greatly agumented. 

Copper Alloys 

A notable feature of copper is the number, 
variety, and usefulness of its alloys. The principal 
classes of alloys with respect to composition arc as 
follows : 

Copper-zinc (binary brasses) 

Copper-tin (binary bronzes) 

Copper-zinc-1 in (special brasses and bronzes) 
Copper- zinc-lead and copper-tin-zinc -lead 

(leaded brasses and bronzes) 
Copper-zinc-nickel (nickel silvers) 
Coppcr-zinc-mangancsc plua tin, iron, alu- 
minum (manganese bronzes) 
Copper-tin-phosphorus (phosphor bronze) 
Copper-aluminum and copper-aluminum plus 
iron, nickel, or manganese (aluminum bronzes) 
Copper-silicon plus manganese, tin, iron, or zinc 
(silicon bronzes) 

Copper-nickel (cupronickel) 

Copper-beryllium and copper-cobalt-beryllium 
(beryllium copper) 

Copper alloys are classified as the wrought alloyB 
and the casting alloys. The wrought alloys are for 
the most part compositionally simpler, including a 
number of binary alloys. Several of the important 
casting alloys contain botlf zinc and tin and in 
many cases lead also. Most of the alloys which do 
not contain lead are difficult to machine, and lead 
may be added to many of the alloys to improve 
their machinability. 

Brass is designated according to zinc content 
as low brass (up to 20% zinc) and high brass (30% 
zinc and above). It is also designated as red brass 
(up to 20% zinc) and yellow brass (30% zinc or 


more). These terms are ulso applied to specific 
compositions. The copper-zinc equilibrium di- 
agram shows that zinc forms u face-centered solid 
solution with copper up to about 39% zinc. This 
constitutes “alpha brass’ 1 . From 39 to 46% zinc a 
body-centered solid solution, beta, occurs with the 
alpha constituent. Since equilibrium is not reached 
under ordinary conditions, the beta constituent 
may Ihj found in compositions as low as 35% zinc. 
Alpha brass is harder and stronger than pure cop- 
ier, and its ductility also increases progressively, 
reaching a maximum at. 30 per cent zinc; brass of 
this composition is named cartridge brass. 

Hardness and strength reach a maximum at 
about 40 per cent zinc, brass of this composition 
being known as Muntz metal. Brasses containing 
more than 40% zinc arc rarely used owing to de- 
creasing ductility and lowered corrosion resist- 
ance. 

Copper Compounds 

Copper forms both cuprous (Cu + ) and cupric 
(Cu 4 *) compounds; and Cu l+ + occurs in a few 
unstable compounds. Among the more impor- 
tant cuprous compounds are cuprous cyanide , 
CuCn, which is used in the double-cyanide electro- 
plating baths and as a catalyst for various organic 
reactions; cuprous chloride , CuCl, which has many 
catalytic applications; and cuprous oxide , CuiO, 
used in rectifiers and as a fungicide. 

Important cupric compounds are more numer- 
ous. The sulfate, CuS(V5H 2 0, is the leading 
industrial copper compound. It has extensive 
agricultural applications as a fungicide and as a 
soil additive to prevent cop|>er deficiencies in 
crops or animals or improve crop yields. It forms 
the copper plating bath of largest use and has 
many minor applications. Direct use as a fungi- 
cide has decreased greatly, but it is used to prepare 
other fungicides. Mixed with lime it forms Bor- 
deaux mixture , the reaction on mixing forming 
Cu(OH)i and CaS0 4 ; this mixture is used to con- 
trol plant diseases in many crops. Cupric aceto- 
arsenite, Paris green , approximating the compo- 
sition (Cl I aCOO) aCu * 3Cu ( AsOi ) 2 , and cupric 
arsenitc, Scheele's green (variable composition), 
arc used as wood preservatives and as larvicides 
for mosquito control. They were formerly used as 
pigments and insecticides. 

Basic cupric carbonates and cupric oxide, CuO, 
arc used as coloring agents, and the former also 
for their insecticidal and fungicidal properties. 
Cupric chloride , CuCl* , is employed as a catalyst, 
as a deodorizing and desulfurizing agent in petro- 
leum refining, and for many other purposes. 

A number of organic copper compounds are in 
use. The most important is copper naphthenatc. It 
is used for preservation of fish nets and fabrics 
exposed to weathering, as a wood and fabric pre- 
servative, in sterilizing wells, and its use as a 
fungicide is being developed. 

Allison Butts 

Biochemical Behavior of Copper 

Plants. The activity of copper in plant metabo- 
lism manifests itself in two forms: synthesis of 
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chlorophyll and aotivity of enzyme*. In leaves, 
most of the copper occurs in close association with 
chlorophyll, but little is known of its role in 
chlorophyll synthesis, other than that, the pres- 
ence of copper is required. 

Copper is a definite constituent of three enzymos 
catalysing oxidation-reduction reactions (oxi- 
dases), in which the activity is believed to be due 
to the shuttling of copper between the +1 and +2 
oxidation states. Ascorbic acid oxidase catalyzes 
the reaction between oxygen and ascorbic acid to 
give dehydroascorbic acid. This oxidase occurs 
widely in plants, particularly in cucurbits and 
beans, yet it is not known how it fits into the 
overall metabolism of the plant. Tyrosinase, also 
known as polyphenol oxidase or catechol oxidase, 
occurs in potatoes, spinach, mushrooms, and other 
plants. It catalyzes the air oxidation of monophe- 
nols to ortho diphenols, and the oxidation of 
catechol to dark-colored compounds known us 
melanin s. 

Traces of copper arc required for the growth 
and reproduction of lower plant forms, such as 
algae and fungi, although larger amounts are 
toxic. 

The effects of copper deficiency in plants are 
varied and include: die-back, inability to produce 
seed, chlorosis, and reduced photosynthetic ac- 
tivity. On the other hand, excesses of copper in 
the soil are toxic, as is the application of soluble 
copper salts t.o foliage. It is for this reason that 
copper fungicides are formulated with a relatively 
insoluble copper compound. These compounds, 
usually insoluble basic salts which an: harmless to 
most plants, are still sufficiently soluble to be 
toxic to fungi. 

Animals. The body of the adult humap con- 
tains 100-150 mg of copper, the greatest concen- 
trations existing in the liver and bones. Blood 
contains a number of copper proteins, one of 
which, globinoxidase, appears to catalyze the 
oxygenation of hemoglobin in the lungs. Copper 
is known to lie necessary for the synthesis of 
hemoglobin, although there is no copper in the 
hemoglobin molecule. Anemia can be induced in 
animals on a low copper diet, such as milk, where- 
upon iron is assimilated but is merely stored in 
the liver, and is not converted into hemoglobin. 

Copper is also required for the synthesis of a 
number of enzymes, and is involved in tire glycoly- 
sis or breakdown of sugars. 

The blue copper protein hemocyanin occurs in 
the blood of certain lower forms of animal life. 
This compound performs the oxygen-carrying 
function for these species. This protein is believed 
to be a polypeptide containing +1 copper. It is 
not, however, as efficient an oxygen currier as 
hemoglobin. Like the copper enzymes, hemo- 
cyanin is inactivated by cyanide, but can be re- 
activated by treatment with soluble copper salts. 
The enzyme tyrosinase is found iu many animals, 
being mainly responsible for skin pigmentation 
and for hardening of fresh tissue in molting 
species. 

Copper is also found in bacteria; in the diph- 
theria bacillus copper is necessary for the produc- 
tion of” toxins. 


Anemia induced by a low-copper diet is rare in 
human adults because of the widespread occur- 
rence of copper in foods. In some places, e.g. 
Australia and Holland, diseases of cattle and 
sheep, involving diarrhea, anemia and nervouB 
disorders, can be traced either to a lack of copper 
iu the diet, or to excessive amounts of molyb- 
denum, which inhibits the storage of copper in the 
liver. 

Ingestion of copper sulfate by humans causes 
vomiting, cramps, convulsions, and as little os 
27 g. of the compound may cause death. An im- 
portant part of the toxicity of copper to both 
plants and animals is probably due to its combina- 
tion with thiol groups of certain enzymes, thereby 
inactivating them. The effects of chronic exposure 
to copper in animals are cirrhosis of the liver, 
failure of growth, and jaundice. 

R. R. G kin stead 
Cross-references: Metals , Corrosion , Chlorophyll 

CORN INDUSTRIES RESEARCH FOUNDATION 

Corn Industries Research Foundation, Inc., is 
an organization formed by the corn wet-mill- 
ing industry, which processes the corn kernel 
by means of chemically treated water to obtain 
starch, gluten and oil, combining much of the 
by-product residues into animal feeds. Some 
companies in this industry convert part of their 
starch output to corn syrup and dextrose (corn 
sugar). Other more specialized products are zein, 
which is .used to make protein libers, and other 
materials such as amino acids and mono^ttllium 
glutamate. 

Incorporated under the laws of the Slate of 
lndiamf, the Foundation is an evolutionary out- 
growth of the American Manufacturers Associa- 
tion of Products From Corn, established iu March, 
1913, and its successor, the Associated Corn 
Products Manufacturers, organized in 1923. The 
latter was iu existence until 1932, when the need 
for scientific and other research became apparent 
and the Com Industries Research Foundation 
was organized. Its present members are: Ameri- 
can Maize -Products Company, Anheuser-Busch, 
Inc., Clinton Foods Inc., Corn Products Refining 
Company, The Ilubinger Company, The Huron 
Milling Company, The Keevcr Starch Company, 
National Starch Products, Inc., Penick A Ford, 
Limited, Inc., A. K. Staley Manufacturing Com- 
pany, and the Union Starch A Refining Company. 

Governing body of the Foundation is the Board 
of Trustees, made up of one top executive! (usually 
the president or chairman of the board) from each 
corporate member— eleven in all. A p resilient and 
a vice-president are elected from the |ruHtecs, 
serving in voluntary capacities. Otheri officers 
are staff employees, including an executive vice- 
president, a vice president, secretary aid treas- 
urer, director of research and editorial director. 

Basio policies governing the Foundation’s 
various activities are under the jurisdiction of 
several standing committees which at present 
include the executive committee, the finance 
committee, the research committee and the public 
relations committee. 
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The main emphasis in the Foundation’s research 
program is on basic or fundamental research. Since 
the Foundation has no facilities of its own suitable 
for fundamental research, these activities are 
carried on in university, government and (in a few 
instances) private research institutes. The Foun- 
dation endeavors to establish projects in the 
general areas of industry interest, largely at 
present in the field of carbohydrate chemistry 
with special emphasis on starch, since starch 
makes up a large proportion of the corn kernel. 

All approaches to the problem of corn chem- 
istry are cultivated, and an attempt is made at 
cross-fertilization of many special approaches. To 
coordinate all these approaches the now well- 
known Starch Round Table was organized where 
carbohydrate research specialists from govern- 
ment, university and industrial laboratories meet 
for five days once a year to review progress in the 
field. The conference has been held annually for 
fifteen years and has immeasurably speeded up 
general advances in starch chemistry. 

Oflices of the Foundation are located at 1001 
Connecticut Ave. N.W., Washington, D. C. 

Norman F. Kennedy 
Cross -references : Carbohydrates 


CORROSION 

Corrosion is defined as the destructive altera- 
tion of a metal by reaction with its environment. 
Its economic importance is indicated by estimates 
that the annual cost of corrosion due to losses that 
result from it and the expenses of preventing it 
amounts to at least $6,000,000,000 per year for the 
world at large. 

The basic cause of corrosion and the force? that 
drives it is the difference in free energy between 
refined metals and the ores from which they have 
been derived or the compounds which they form 
during the processes of corrosion; the latter fre- 
quently are the same as the former. This is illus- 
trated by iron where the oxides (ore) from which 
it is refined are almost identical in composition 
with the rusts formed by corrosion. The processes 
of corrosion, therefore, represent a retreat of the 
refined metals to their original compounds. 

In corroding, metals become ionized and acquire 
positive electrical charges in accordance with the 
valence forces involved. Differences in potential 
and flow of current between discrete areas on a 
single metal surface or between dissimilar metals 
in a corrosive environment can be measured. There 
is ample evidence in support of the theory that 
corrosion is essentially an electrochemical process. 
This involves the presence of an anode where cur- 
rent leaves the metal, a cathode where current 
enters the metal, an electrolyte to conduct the 
ionic current between these anodesjind cathodes, 
and a metallic or semimetallic path to conduct the 
electrons in that portion of the circuit which is 
outside the electrolyte. 

The free energy relationships between most 
metals and their possible corrosion products are 
Buch that, in most cases, corrosion reactions 
should be spontaneous and proceed at high rates. 


Fortunately, however, these possible rates of re- 
action are reduced greatly by opposing influences, 
such as the formation of adherent corrosion prod- 
ucts which are insoluble in the environment in 
which they are formed or in others that may be 
encountered subsequently. These serve as a bar- 
rier, and establish rates of further attack that are 
determined by the relatively low rates of diffusion 
of metal through the corrosion product to the 
corroding liquid or vice versa. This is exemplified 
by aluminum which should corrode at a high rate 
in moist air, but which is prevented from doing so 
by the formation of a protective film of aluminum 
oxide. Much thinner films involving oxygen are 
responsible for the phenomenon of passivity ex- 
hibited academically by iron after immersion in 
concentrated nitric acid and practically by chro- 
mium and the high chromium iron and iron-nickel 
alloys known aH the stainless steels. Protective 
oxides and passivity are most important in de- 
termining the corrosion resistance of metals and 
alloys made from them that are listed above 
hydrogen in the standard electromotive scries. 
Those that lie below hydrogen, e.g. copper, are 
less dependent on passivity for corrosion re- 
sistance. 

The relationships between metals and hydrogen 
in the electromotive scries are important because 
in the electrochemical processes of corrosion the 
discharge of hydrogen ions and the evolution of 
hydrogen as a gas is one of the principal cathodic 
reactions. The facility with which this can occur 
is determined by such factors as the hydrogen ion 
concentration (pH) of the electrolyte, the elec- 
trical potential of the corrosion cell, and the over- 
voltage characteristics of the cathodic surface. 

Hydrogen ('volution is not the only possible 
cathodic reaction; others include a possible reac- 
tion between atomic hydrogen and dissolved oxy- 
gen or, more likely, the direct reduction of oxygen 
in water to form hydrogen peroxide as a first step, 
or hydroxyl ions as a final product. 

Thus, the electrochemical reactions in corrosion 
of a divalent- metal may be written: 

Anodic reaction 

M° -+ M ++ -f 2 electrons 

At the cathode 

A. 2H“ + 2 electrons — » Ha gas 

B. }'•* O s + 2H" 1 2 electrons — > H 2 0 

C. O a 4* 2IIoO + 2 electrons -> H 2 0 2 + 20H" 

D. M (> 2 4H:0 + 2 electrons — 2(OH)~ 

It is evident that oxygen as well as hydrogen 
plays an important part in corrosion. It can ac- 
celerate corrosion by participating in cathodic 
reactions, or it can retard corrosion by forming 
protective oxides or passive films. This dual effect 
of oxygen is one of the thingB that complicate cor- 
rosion processes, the interpretation of observa- 
tions and the steps to be taken to avoid corrosion 
difficulties. 

Forms of Corrosion. (1) Pitting resulting from 
local action currents, as at discontinuities in pro- 
tective or passive films or under or around deposits 
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(hat Het up concentration cells. (2) St ress corrosion 
cracking resulting from the combined effects of 
corrosion by a specific environment and either 
applied or internal static tensile stresses; depend- 
ing on the metal and the environment the cracks 
may be either intercrystalline or transcrystulline. 
(3) Corrosion fatigue, resulting from the com- 
bined effects of corrosion and cyclic stresses; these 
cracks are characteristically transcrystallinc. (4) 
Intergranular corrosion resulting from preferen- 
tial attack on, or around, a phase or compound 
that occupies grain boundaries. (5) Erosion re- 
sulting from the combined effects of corrosion and 
either abrasion or attrition. The mechanism usu- 
ally involves local or general removal of otherwise 
protective corrosion product films. Particular 
forms are impingement attack due to effects of 
high velocity or turbulence in flowing liquids, 
e.g., salt water in steam condensers or other heat 
exchangers, in piping systems, valves, pumps, etc. 
A particularly aggressive form is associated with 
the severe mechanical forces that are character- 
istic of cavitation phenomena. (6) Uniform attack 
or general wastage, such as may be caused by the 
action of strong acids as used for pickling (scale 
removal) or etching. This is also characteristic of 
the slow corrosion of durable materials in appro- 
priate environments, such as copper roofs in sub- 
urban atmospheres, cupro nickel tubes in ships 
condensers, Monel — nickel copper alloy — racks 
for pickling steel in sulfuric acid, or stainless steel 
columns handling nitric acid. 

Preventive Measures. (1) Use of the right 
metal in the right way in the right place. (2) Pro- 
tective coatings — paints, enamels, other metals, 
oils, greases, etc. (3) Inhibitors, i.c., compounds 
added to the environment in smal concentrations 
to form protective films which increase nnpdic or 
cathodic polarization, or both, or neutralize-some 
corrosive constituents. (4) Neutralizing agents 
added to adjust acidity or alkalinity to a desired 
level. (5) Removal of dissolved oxygen or other 
corrosive gases by 1 deaerators’ or the addition of 
chemicals to react with oxygen (oxygen scaven- 
gers). (6) Drying of air or other gases to keep 
humidity below level where corrosion can occur. 
(7) Design of hydraulic systems to avoid excessive 
velocities or localized turbulence or to maintain a 
velocity high enough to prevent the accumulation 
of corrosion products or other deposits that would 
promote localized corrosion. (8) Various features 
of design and operation of structures or equip- 
ment to favor rapid drainage and drying, prevent 
accumulation or concentration of corrosive chemi- 
cals in crevices or low spots, hold operating 
stresses and temperatures within desired limits, 
eliminate fabricating stresses by appropriate hoat 
treatment, avoid galvanically unfavorable com- 
binations of different metals, provide protection 
against stray electrical currents by appropriate 
insulation and electrical bonding. (0) Heat-treat- 
ing metals to leave them in optimum condition to 
resist corrosion. (10) Applying protective elec- 
trical currents (cathodic protection) from sacri- 
ficial metals (galvanic anodes) such as zinc, mag- 
nesium or aluminum or from some external source 
through a graphite, platinum or other appropriate 


anode receiving current from a rectifier, generator, 
or battery. The location of the anodes, the magni- 
tude of the current and the applied voltago must 
be engineered so that without wasting current all 
surfaces that require protection will receive 
enough current to achieve this effect. Too much 
current may cause damage by the alkali generated 
by a cathodic reaction or by hydrogen evolved at 
the cathode which can destroy protective films or 
embrittle metals. 

Continued research, especially of a funda- 
mental kind, is necessary to learn more about the 
basic nature of corrosion as a guide to better al- 
loys, better testing methods, better interpretation 
of data and improved means of preventing corro- 
sion. 

Fkank L. LaQuh 
Cross-references: Metals, Electrochemistry , Elec- 
tromotive Series , Exposure Testing 


COSMETICS 

Cosmetics are preparations applied to the sur- 
face of the body for the purpose of enhancing its 
appearance. They may be (1) make-up prepara- 
tions, applied to bring about temporary effects, 
lasting only so long as the preparations remain on 
the body surface, or (2) treatment preparations, 
which effect no immediately noticeable change 
but which after related use are expected to have a 
beautifying effect. 

The skin, on its outer surface, is an inert , rather 
tough material well suited to protect the delicate 
inner tissues from injury. The dead cells farming 
the outer layers are hard, rather dry, and expend- 
able. In deeper layers of the skin, the cells are 
softer, alive, and vulnerable. An essential charac- 
teristic of the living cells forming the inner layer 
of the epidermis is their ability to divide and pro- 
duce new cells which continually push the older 
cells upward. These older cells gradually toughen 
as soft proteins are changed to hard, horny kera- 
tin. 

The living cells of the inner epidermal layer are 
believed to contain “tonofibrils” of composition 
similar to keratin, which may serve as crystal- 
lization centers for deposition of more keratin 
which is formed from the globular proteins of the 
cytoplasm us the cell ages and dies. This trans- 
formation of protein may be considered a dena- 
turation process, with the long coiled Chains of 
the globular proteins unfolding and assembling 
into the parallel bundles found in keratfei. 

Keratins are fibrous proteins, insoluble and rela- 
tively inert to chemical agents. The lennhs of the 
molecules are over 100 times their thickness. 
Bundles of such molecules form fibers. In; hair, the 
long axes of the keratin molecules li| roughly 
parallel to that of the hair; in nails, the fibers run 
transversely; in epidermal cells they ijin in all 
directions. Molecules are held together in the 
fibers. (1) by linkage of the 8H group# of their 
cystein residues to form common, disulfide bonds; 
(2) by Balt linkages between free carboxyl groups 
of one molecule and free amino groups of another; 
and (3) by hydrogen bonds between NH groups of 
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one molecule and CO groups of another. These 
linkages must be broken if the keratin is to be 
softened or altered. 

Under the epidermis, the dermis contains blood 
vessels, lymph spaces, nerve endings, sebaceous 
and sweat glands, hairs in their follicles, and erec- 
tor muscles for the hairs, all distributed in a 
matrix of connective tissue. This connective tissue 
contains a network of fibrous proteins (collagen, 
reticulin, cl as tin) filled in with a ground substance 
which uppears to be semi-sol, semi-gel. Collagen, 
forming about 72% of the weight of dried, fat-free 
skin, has a high content of glycine, proline, and 
hydroxy proline; very low tyrosine, methionine, 
and histidine; and no cystine or tryptophan. Its 
molecular weight is about 10 million. Carbohy- 
drates are intimately associated with collagen, in 
the proportion of two molecules of glucose and two 
of galactose to one molecule of chondroitin sulfate. 
Other mucopolysaccharides arc present, probably 
bound to proteins. The structural unit of the col- 
lagen fiber is the microscopic fibril of diameter 0.3 
to 0.5 micron. The fibers are bundles of these 
microlibrils. Reticulin fibers are branched, and are 
found mostly at the boundaries of the connective 
tissue. Collagen and yotfaulin fibers can be regen- 
erated by living organisms, but clastin cannot. 
Klastin differs from collagen principally in having 
more alanine and valine, and less glutamic acid 
and hydroxyproline. 

The skin contains varying amounts of fat, de- 
pending upon nutritional conditions. Intercellular 
depositions of glycerides (fuel reservoirs) are very 
variable; intracellular lipidcs (mostly sterols and 
phospholipides) are more constant. 

It is a well-known fuel that the skin of elderly 
persons is generally wrinkled, dry, and in general 
less attractive than that of younger individuals. 
Some of the changes taking place as skin ages are: 
(1) components become less highly hydrated; (2) 
cholesterol content decreases; (3) calcium content- 
increases; (4) fat content decreases; (5) globular 
proteins decrease; (6) phospholipide content de- 
creases; (7) sebum excretion drops (in women 
only); (8) tension and elasticity decrease; (9) ten- 
sile strength increases. 

Treatment cosmetics, if they are to be effective, 
should be designed to prevent, counteract, or com- 
pensate for one or more of the above changes. 

If cosmetic preparations are to influence the 
living cells in the deeper layers of the skin, and 
possibly in the subcutaneous tissues, they must 
be able to reach those cells. The horny layer pre- 
sents a barrier to such penetration, but not one 
which is insuperable. Knowledge of the composi- 
tion and properties of the skin makes it possible to 
Bolect cosmetic ingredients which will promote 
absorption. Oils and oil -soluble substances are 
absorbed principally by way of the sebaceous 
glands. Selection of solvent, or of emulsion type, 
can have an important effect upon extent of ab- 
sorption. 

Cosmetic make-up is generally designed to im- 
part a desired color or texture to some part of the 
body surface. The skin of the face may be pow- 
dered to reduce gloss, or covered with a more ad- 
herent make-up which remains fixed all day. Face 


powders contain white pigments with high cover- 
ing power, such as zinc oxide and titanium dioxide; 
colored pigments such as iron oxides; ingredients 
to give desired slip, such as talc; and materials to 
improve adhesion to skin, such as zinc stearate. In 
the more lasting make-up, the pigments are mixed 
with oils, waxes, etc., to improve adherence. 

Rouge for the cheeks is similar to face powder, 
but contains bright red lakes of organic dyes in 
high enough concentration to redden the skin 
noticeably. Rouge for the lips is almost always pre- 
pared in the form of lipsticks, which have a base 
composed of wax and oil in such proportions as to 
remain stiff in hot weather but to be applied easily 
to the lips. Beeswax, carnauba wax, amorphous 
hydrocarbon waxes, castor oil, lanolin, butyl 
stearate, and polyethylene glycol and its esters 
are among the commonly used ingredients of lip- 
sticks. 

Nail “polishes* 1 are generally colored lacquers 
with a nitrocellulose base. They arc more lasting 
than most make-up preparations for the skin, and 
may stay on the nail until growth exposes a notice- 
able expanse of uncovered nail, necessitating re- 
moval and reapplication of the lacquer. 

For all cosmetic preparations, ingredients must 
be free of any irritating or injurious effect under 
conditions of use. The U. S. Government has taken 
notice of the need for standardized coloring ma- 
terials by providing that all coal-tar dyes for use 
in foods, drugs, and cosmetics must be certified 
by the U. S. Food and Drug Administration as 
harmless and suitable for such use. Manufacturers 
of cosmetic colors must submit to Washington a 
sample of each batch manufactured, and must 
obtain a certificate that the sample tested there 
was found to be composed of a dye on the approved 
list, and contained impurities in quantities below 
the specified limits. A certification number is 
assigned to each batch, and must be shown on the 
label of each container of color shipped to a cos- 
metics in ami fact user. 

For dyeing hair, phcnylene diamine and similar 
compounds arc much used. These amities are 
allowed to penetrate into the hair shaft; then an 
oxidizing agent is applied which converts the 
amino to a colored, insoluble compound which re- 
mains in the hair. 

Bleaching of the skin with weak acids such as 
buttermilk and lemon juice has been practiced for 
centuries but is not very effective. Creams con- 
taining mercury salts, generally ammoniated 
merc'ii v, are claimed to be effective bleaches, but 
their use involves some danger, and the mercury 
content, is held to a low level by law. The mercury 
probably inhibits one of the enzymes involved in 
the production of melanin, the black pigment of 
the skin, from tyrosine. Hair is commonly 
bleached by hydrogen peroxide. 

Since hair is a dead tissue, it may be subjected 
to rather drastic treatment. The salt links and di- 
sulfide links lietween adjacent, keratin molecules 
may be broken by use of alkaline solutions of 
various sulfur compounds. Metallic sulfides are 
not convenient to use, but the ammonium salt of 
thioglycolic acid is well adapted to such applica- 
tion. The hair is wound on spindles, soaked with 
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the thioglycollate solution until it is made soft and 
nonelastic, then rinsed or oxidized until all excess 
thioglycollate is removed. The disulfide bonds are 
supposedly reformed at now positions so that the 
restiffened hair thereafter retains its imposed 
spiral shape. 

The Bame agents that soften hair may be used 
in greater strength to remove unwanted hair. 
Metallic sulfides were once used, but have been 
largely replaced by ammonium thioglycollate, 
which is less irritating and gives off a less objec- 
tionable odor. 

In addition to improving visual appearance, 
cosmetic preparations may be designed to enhance 
olfactory attractiveness. Most cosmetics are per- 
fumed attractively by addition of odorants, but 
deodorants and perfumes are specifically intended 
for odor improvement. Deodorants must counter- 
act the tendency of sweat and sebum to form ill- 
smelling materials on the skin. They may do this 
either by inhibiting perspiration or by preventing 
bacterial decomposition of the excreted products 
upon the skin. Antiperspirants generally contain 
aluminum salts which exert astringent action. 
The antibacterial deodorants contain germicides, 
such as hexachlorophene, which cling to the skin 
and inhibit bacterial action for long periods. 

The deodorant properties of chlorophyllins have 
been the subject of much controversy. It appears 
that they are able to neutralize or destroy some 
odorants by adsorption of both a physical and a 
chemical nature. 

Reference was made above to the changes occur- 
ring in the skin as an individual grows older. 
Treatment cosmetics are designed to prevent, 
counteract, lessen, or compensate for, the effects 
upon the skin of age and other damaging agents. 
Knowledge of the biochemistry of the skit) is frag- 
mentary, and we do not yet know how to make 
completely effective treatment cosmetics. 

Creams containing suitable oils have long been 
used to counteract the dryness (lack of oil) at- 
tendant upon age. Among the most effective agents 
for increasing hydration of skin cells are the sex 
hormones and related steroids; their skin-hydrat- 
ing effect has recently been found to be inde- 
pendent of their sex activity. These steroids are 
reported to make senile skin plumper and firmer, 
and thus to make it look younger. The treatment 
problem is largely one of stimulating the cells of 
skin and underlying tissues, so that they will be 
more active and behave more like younger cells. 

New chemical products with potential applica- 
tion in cosmetics are appearing rapidly. They in- 
clude solvents, surfactants, germicides, hormones, 
and substances of many other classes. They in- 
crease tremendously the range of effectiveness to 
be reached by the cosmetic chemist. Their actual 
use in cosmetics must be preceded by careful tests 
for safety, first on animals, then by patch tests on 
humans, and finally under actual conditions of 
proposed use. By such a procedure preparations 
that are safe and harmless, as well as effective and 
attractive, will be produced. 

Paul G. Lauffer 
Cross ^references : Amino Acids, Proteins, Carbo- 
hydrates, Adsorption 


COTTRELL, FREDERICK GARDNER (1877-1948) 

Frederick Gardner Cottrell was the first to ap- 
ply the principle of electrical precipitation of sus- 
pended dust and droplets from chimney or other 
gases. The device became the electrical precipi- 
tator, which now bears his name. 

The simplest construction of a Cotrell precipi- 
tator would include a vertical pipe, in the central 
axis of which hangs an insuluted metal wire. The 
pipe is grounded. A unidirectional high voltage 
current, varying from 15,000 to 100,000 volts in 
the different installations, is fed to the wire, so 
that a powerful electric field is created. Dusty air 
or fumes travel up the pipe; the electric field 
ionizes the air or gas; the ions in turn charge the 
suspended particles by contact. The charged par- 
ticles travel to the relatively uncharged wall, 
there depositing the negatively charged particles. 
Periodically the pipe is rapped so that the deposit 
drops down into a container box. Suspended drop- 
lets are similarly deposited on the pipe wall, 
where they coalesce and travel downward as a 
liquid to a suitable outlet. The cleaned air or gas 
leaves at t he top of the pipe. 

The unipolar corona discharge is secured by 
impressing the negative polarity on the wire, 
which is the discharge electrode. The only excep- 
tion to this rule are the installations for air- 
cleaning operations, where the positive polarity 
is impressed on the wire, because of the lower 
ozone generation. The Cottrell for full scale 
smelter or factory installation is more often de- 
signed* to provide narrow rectangular passages 
between flat plates, which are then the collect- 
ing electrodes, with a series of spaced wires sus- 
pended in the center plane of the space. The dis- 
tance the charged particle travels is a few inches, 
perhaps 3 or 4, before it strikes the collecting 
electrode. 

Dr. Cottrell began his work on the electrostatic 
precipitation of dust and droplets in 1910, when 
he was 33 years old. He was born in Oakland, Cal- 
ifornia, graduated from the University of Califor- 
nia, taught high school for a while, then went to 
Leipzig for graduate studies, coming home in 1902 
with the degree of Ph.D. He was instructor and 
assistant professor at his Alma Mater until 1911. 
His field of study and research was physical 
chemistry, and his experimental work in that 
period were in phase relations, electrochemistry 
and the liquefaction of gases. From 1911-1921, Dr. 
Cottrell was successively chief chemist, chief 
metallurgist and Director of the IJ. H .5 Bureau of 
Mines. From 1922-1927 he was Director of the 
Fixed Nitrogen Research Laboratory! and after 
that, he remained as Division chief in tgie Depart- 
ment of Agriculture. | 

Tall and thin, always bubbling over kith ideas, 
Dr. Cottrell was a rapid talker, yet at the same 
time, always modest, unselfish, and little con- 
cerned with the acquirement of inon8y or with 
personal gain. In 1912, he founded the Research 
Corporation, now of 405 Lexington Avenue, New 
York 17, to develop electrical precipitation on a 
large scale for industries, and distribute the profits 
to researchers for the development of fundamen- 
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tal research — a lasting and continuing legacy, lie 
advised several other University Foundations on 
patent administration. In 1948, over $750,000 were 
donated to young research workers in the smaller 
colleges. 

Among his other chemical engineering interests 
were the production of helium from natural gas 
with a helium content, and the pebble-heat- 
exchanger as a means of attaining high heat, a 
project now in process of realization. 

E. It. Rieuel 


CRACKING 

Cracking is thermal or catalytic decomposition 
of organic compounds, especially of hydrocarbons 
and petroleum. Cracking of petroleum products is 
being used on a large commercial scale for manu- 
facturing gasoline. To a much lesser extent, some 
petroleum constituents are cracked for making 
various chemicals, e.g., ethylene is commercially 
produced by thermal cracking of ethane or pro- 
pane. 

Whereas straight-run gasoline is separated from 
heavier constituents of petroleum by simple’ dis- 
h< illation, cracked gasoline is a product of decom- 
position of heavy fractions, i.e., of gas oil or 
residues. Heavy hydrocarbons of the latter are 
cracked or split, forming gaseous and low-boiling 
liquid hydrocarbons to he used as gasoline. In 
addition to the decomposition reactions, the crack- 
ing process is complicated by condensation reac- 
tions involving aromatic and unsaturated hydro- 
carbons formed on cracking. Thus, high molecular 
weight hydrocarbons also are formed. The ulti- 
mate product of such reactions is the so-called 
“coke 11 , which actually is a conglomeration of 
highly condensed polycyclic hydrocarbons. The 
balance 1 of the decomposition and condensation 
reactions depends upon the composition of the 
charging stocks. Those rich in paraflins and 
naphthenes (cyclanes) form less condensation 
product than those rich in aromatics. 

Another factor governing the balance is the ex- 
tent or depth of cracking. Since the condensation 
reactions arc essentially secondary reactions in- 
volving unstable hydrocarbons formed on crack- 
ing, they arc predominant in the advunccd stages 
of cracking. Hence, in commercial cracking proc- 
esses the extent of condensation reactions and 
coke formation, undesirable from the practical 
standpoint, is controlled by the degree of conver- 
sion of charging stocks to cracked products. As 
a result of controlled conversion, the charging 
stock is only partially converted into cracked 
products. A sizable part of the stock remains un- 
converted or slightly affected by cracking. This is 
“cycle” or “recycle” stock which can be cracked 
again after separation, either separately or in com- 
bination with fresh charging stock. If the recycle 
stock is separated and not recycled, the yield of 
gasoline with reference to the charging stock is 
specified as the yield per pass. In contrast, the 
ultimate yield is the yield of cracked gasoline after 
complete recycling of the recycle stock “to extinc- 


tion” and complete conversion of charging stock 
to cracked products. 

The above general conceptions arc equally ap- 
plicable to the thermal and catalytic cracking. 

Thermal cracking of petroleum products is 
carried out at temperatures from 450-4>50 o C for 
liquid charging stocks (residues and gas oils) to 
600-70U°C for gaseous hydrocarbons. The rate of 
cracking follows fairly closely that of first order 
reactions with the activation energy equal 57,000 
Kal. The rate of cracking at temperatures close 
to 500°C doubles for every 12°C. The pressure is 
less important, and affects chiefly tlie secondary 
reactions. The weak effect of pressure is due to the 
fact that the cracking reactions at cracking tem- 
peratures are irreversible and therefore are not 
shifted back by high pressures. However, fairly 
high pressures (from 30 to 50 atm.) are used in 
commercial cracking mainly due to the favorable 
effect of high pressures on the heat transfer, elim- 
ination of local overheating, compactness of in- 
stallations, etc. The reaction or cracking time is 
another critical factor in cracking. The duration 
of cracking necessary for forming, e.g., 20% (by 
volume) of gasoline from gas oil are as follows: 
4 hours at 400°C, 14 minutes at 450°C and 70 sec- 
onds at 500°C. 

Catalytic cracking is performed at temperatures 
from 400 to 525°C. The pressure; is atmospheric or 
slightly higher. The actual reaction time in cata- 
lytic cracking, c.e., the actual time of contact of 
the ehaige with the catalytic surface is not known, 
lienee the; residence time of the; charge in the 
catalytic reactor is used arbitrarily as an equiva- 
lent of the reaction time in t hernial cracking. In 
commercial practice the so-calleel space velocity 
(tin; volume e>f charge at room temperature passed 
over the same volume of catalyst per hour) is 
being used instead of the residence time. The con- 
ncction between the residence time and the space 
velocity is obvious: as an example, the space ve- 
locity of gas oil equal to 1.0 would correspond 
approximately to 15 seconds of the residence time 
at cracking temperatures. 

The catalysts used in catalytic cracking are 
porous heterogeneous compounds of silica and 
alumina. Silica-magnesia and siliea-zirconia cata- 
lysts are also active but have a very limited 
application. Silica-alumina cracking catalysts arc 
either nat ural clays activated by well known meth- 
ods or synthetic products obtained by coprecipita- 
tion or cogelation of silica and alumina. Since the 
cracking reactions take place on the surface of 
catalysts, the surface area of the latter is of pri- 
mary importance; by this is meant the total sur- 
face of micropores of the catalysts, avialahle for 
adsorption. The surface area of commercial crack- 
ing catalysts is very large, of the order of 300-400 
m*/gr. For the same catalyst, the activity is 
proportional to the surface area. (See Catalysis). 

However, the large surface area per se is not an 
indication of cracking activity. Pure alumina with 
large surface area is a very weak cracking catalyst. 
Likewise, pure silica gel with surface area 500 
m*/gr. has no cracking activity at all. The strong 
catalytic activity of silica-alumina systems is ex- 
plained by their acidic properties absent in silica 
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or alumina. The acidic properties of silica-alumina 
catalysts are responsible for such reactions in the 
presence of these catalysts under proper tempera- 
ture conditions, as alkylation, polymerization, 
isomerisation, which are catalyzed by strong 
acids. The most convincing proof of the acidity of 
cracking catalysts is the effect of high boiling or- 
ganic bases, such as quinoline, on their activity. 
The catalytic activity of cracking catalysts is 
almost completely suppressed by small amounts of 
the bases which neutralize the acidic centers and 
thus suppress the catalytic activity. 

The reactions involved in catalytic cracking are 
much more complicated than those in the thermal 
process. The primary decomposition and second- 
ary condensation reactions arc more or less similar 
in both processes. However, the condensation re- 
actions on the catalytic surface are more ad- 
vanced. As a result, no heavy residue is formed; 
the heavy hydrocarbons are converted to coke. In 
contrast to thermal cracking, isomerization reac- 
tions occur readily in catalytic cracking. Hydro- 
carbons of thermal gasolines preserve the struc- 
ture of charging stocks. Hence paraffins and 
olefins of thermal gasolines have normal struc- 
ture, if the charging Btock is rich in normal paraf- 
fins. On the contrary, paraffins and olefins of cat- 
alytically cracked gasolines are always branched 
independently of the original structure of charg- 
ing stocks. Another reaction specific for catalytic 
cracking is the hydrogen exchange which takes 
place, e g., between naphthenes and olefins, trans- 
forming six-niembered naphthenes into aromatics 
and olefins into paraffins. Hence catalytic gaso- 
lines are more saturated and more aromatic than 
thermally cracked gasolines. 

Coke formation is an important reaction affect- 
ing the activity of the catalyst. The catalyst is 
extremely active in the first second of the? process. 
Then the activity decreases, at first very rapidly 
and later gradually, as a result of the deposition of 
coke covering the active centers of the catalyst. 
The activity of aged catalysts can be restored by 
burning out the coke deposited on the catalyst. 
In commercial practice the catalyst undergoes 
many thousands of regenerations without losing 
activity. The mode of catalytic reaction and re- 
generation are different in three modern catalytic 
cracking systems. 

Fixed-Bed Catalytic Cracking (The Houdry Proc- 
ess) is a system in which cracking and regen- 
eration are carried out alternately in the same 
reaction chamber filled with catalyst. The charg- 
ing stock is vaporized and preheated to the crack- 
ing temperature in a pipe still and then passed to 
the reactor. The cracked products are separated 
in a conventional equipment. The process is 
periodic and thus requires a very complicated tim- 
ing equipment controling alternate reaction and 
regeneration periods. 

Thermofor Catalytic Cracking (TCR) is a process 
in which the catalyst moves continuously down- 
ward in the reactor, usually countercurrently to 
the vaporized charging stock. The deactivated 
catalyst passes from the bottom of the reactor to 
the separate regenerator by means either of a 
mechanical conveyor or of a gas lift. In the re- 
generator the catalyst moves countercurrently to 


the air, burning the coke deposited on the catalyst. 
From the bottom of the regenerator the catalyst 
returns to the reactor by the means mentioned 
above. 

Fluidized Bed Catalytic Cracking is a process in 
which fine powdered catalyst and vaporized 
charging stock is mixed with oil vapor in the re- 
actor or with air in the regenerator, forming fluid- 
ized bed or suspension of the catalyst in vapor or 
air. Thus cracking reactions, os well as regenera- 
tion, take place in fluidized beds under highly 
turbulent conditions. Cracked vapors in the reac- 
tor, as well as flue gases in the regenerator, are 
disengaged from powdered catalyst by cyclone 
separators in the upper part of the reactor or re- 
generator. The separation of cracked products 
into gas, gasoline and recycle stock in the Thermo- 
for or Fluidized Bed catalytic units is carried out 
in conventional distillation and fractionation in- 
stallations. 

The capacity of modern catalytic cracking units 
varies from 5,000 to 50,000 barrels of charging 
stock per day. 

The yields in catalytic cracking for average gas 
oilR in one -pass operation are as follows: dry gas 
7% by eight, gasoline and butanes 47% by volume, 
recycle stock 45% by volume and coke (on cata- 
lyst) 4% by weight. On recycling the ultimate 
yield of gasoline increases to 60% by volume. As 
far as the yields of gasoline are concerned, cata- 
lytic cracking has no advantage over the thermal 
process. Its main advantage is due to the high anti- 
knocking properties of catalytieully cracked gaso- 
line. 'While the octane number (Kcsearq]} Method) 
of an averago thermally cracked gasoline is close 
to 70, that of an average catalvtically cracked 
gasoline is 90. 

The total daily capacity of thermal cracking 
plants iu the U. 8. A. is 2,355,000 barrels and that 
of catalytic cracking plants 3,709,000 barrels 
(January, 1956). 

A. N. Sacha nkn 
Cross-references: Hydrocarbons , Petroleum , Bur - 
ton, Catalysis , Antiknock Agents 


CRYOGENICS 

Cryogenics, or low -temperature physics, is that 
branch of science that is concerned with the in- 
vestigations and the elucidation of natural phe- 
% nomena that occur at extremely low temperatures. 
The origin of this phase of science dirtes back to 
the time when the so-called “permanent gases”, 
oxygen, nitrogen and hydrogen, werf first lique- 
fied. The interest in these gases at the present time 
has passed largely from physics to pidustry. In 
the modern research laboratory thfy have be- 
come essentially ‘stock* items. I 

Today’s scientific research at the lowest possible 
temperatures is dependent mostly oji the avail- 
ability of liqtrid helium (b.p. — 462.0 < ^ i, or 4.2°K). 
The liquefaction of helium gas was accomplished 
for the first time in 1908 by H. Kamerlingh Onnes 
(1853-1926) at the first organized Low Tempera- 
ture Laboratory located at the University of 
Leiden, Holland. By pumping the vapors away 
from the surface of the liquid helium, thus cooling 
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the latter by evaporation, On nes ultimately 
reached a temperature within 0.7 degree (°K) of 
absolute zero (— 459.7°F or 0°K). This still repre- 
sents the lowest temperature that can be attained 
without resorting to the newer techniques of 
adiabatic demagnetization, lirst suggested inde- 
pendently by W. F. Giauque and Peter J. Debye. 
By this method temperatures close to 0.001 °K 
have been obtained both at the Clarendon Labora- 
tory, Oxford, England and the Leiden Laboratory, 
Holland. 

In addition to liquefying helium for the first 
time, Onnes discovered the phenomenon of super- 
conductivity (in mercury) in 1911. This revealed 
one of the most impressive of all phenomena that 
occur within a few degrees above absolute zero. 
Since Onnes* discovery other materials have been 
known to become superconductors. Certain metals 
such as tantalum, mercury, lead, tin, aluminum, 
et nl.; certain alloys such as PbTl* , Au s Bi, PbSb, 
PbAslli, et al.; and compounds such as VN, CbN, 
CuS, VjSi, etc. become superconductors at tem- 
peratures close to absolute zero. Below a particu- 
lar temperature, that is different for each sub- 
stance, a wire of the material will lose all its 
measurable resistance t6. the iiow of electric cur- 
rent. A sheet or disc of the same material below 
this temperature (transition temperature) will 
become a good scree n against magnetism. This 
observable fact in these various substances is 
today certainly the most, intriguing and the most 
challenging both from the scientific and practical 
point of view. 

In addition to the existence of the phenomenon 
of superconductivity, there is one equally fasci- 
nating that occurs in liquid helium itself. Below 
2.19°K helium enters a new state, which does not 
resemble a solid, a liquid or a gas. For this reason 
it has been termed a “fourth state” of matter. 
The liquid in this “super fluid” condition can 
creep up the sides of the containing vessel. It has 
a very high coefficient of thermal conductivity, 
loss of inertia (quantum fluid), etc. 

Some metals, instead of becoming supercon- 
ductors at these low temperatures, show an in- 
crease in resistance* with decreasing temperature 
(resistance minimum). Small amounts of chemical 
impurities seem to cause this behavior. Resistance 
minima have been observed in such substances as 
copper with small amounts of tin as impurity. In 
still other substances such as copper with small 
amounts 'of manganese as impurity, not only is a 
minimum in resistivity exhibited, but at still 
lower temperatures a maximum is observed. 
Specific heats of all materials show a decided 
decrease when compared to their room tempera- 
ture values. For common metals this low r -tcinpera- 
turc value may be less than 1/1000 of that at room 
temperature. Rapid changes in resistance with 
temperature, and these extremely small values of 
specific heats of a particular substance, may be 
combined in a controlled manner to make the 
material an extremely sensitive bolometer (i.o., a 
detector of radiant energy). Magnetic properties 
of matter are greatly changed at these low tem- 
peratures. Insulators like sapphire or diamond be- 
come nearly perfeot in the liquid helium tempera- 
ture region. These are but a few of the many 


interesting phenomena that occur at extremely 
low temperatures. 

There arc a number of ways of attaining them. 
The most widely used method in the past has been 
that called the Joule-Thomson regenerative cycle. 
This technique is simply a sequence of compres- 
sion, heat exchange and expansion. The gas cooled 
by this process is used to cool the incoming gas, 
so that as the process goes along the gas gets 
colder and colder until it finally liquefies. In case 
of helium the Joule-Thomson effect becomes oper- 
ative only after the gas has been cooled to the 
temperature of liquid hydrogen. 

The second method of liquefaction, which has 
only recently become commercially successful, is 
to allow the helium gas to drive an engine so that 
it has a portion of its thermal energy converted to 
mechanical energy. Helium at room temperature 
is very much like water when the latter exists far 
above its boiling point. Such an helium-engine 
type of apparatus has been developed by S. C. 
Collins of M.I.T., appropriately called the 
Collins Helium Cryostat. The availability and 
wide use of this machine has greatly accelerated 
low-temperaturo research activity. In addition 
to the development of this liquefier, large metal 
thermos containers or Dewars have recently been 
designed and constructed and by their use, liquid 
hydrogen and liquid helium can be stored for 
several weeks. For maintaining these low tem- 
peratures during an experiment, apparatus (or 
cryostats) have been designed to accommodate 
standard electrical and mechanical research 
equipment. 

The techniques developed for the measurement 
of temperature in these low -temperature regions 
give a precision in measurement still unattainable 
in research carried out at higher temperatures. 
Detection of temperature differences of the order 
of 0.0001 °K is quite commonplace. Temperatures 
can be measured conveniently by the utilization 
of the electrical resistance -temperature charac- 
teristic of fine metallic wires (platinum, gold) or 
the change in the same characteristic of small com- 
mercially available carbon resistors. These types 
of thermometers arc usually referred to as resist- 
ance thermometers. They are only useful after 
their resistance characterises have been carefully 
correlated with the absolute scale of temperature. 
The most convenient thermometer is the thermo- 
couple. However, at extremely low temperatures 
its sensitivity falls off rather rapidly. Over limited 
temperature regions the measurement of the vapor 
pressure of the refrigerant liquid itself serve 
as a convenient thermometer. For example in 
the temperature region 0.9 to 4.2°K (—458.1 to 
— 452.0°F) the vapor pressure thermometer ap- 
pears to be the most satisfactory. The primary 
thermometer that gives the absolute temperature 
is the gas thermometer. The pressure variation 
with temperature of a known amount of gas (e.g., 
helium) kept at a constant volume is carefully 
measured. From the equation of state of the gas 
relating pressure (P) and volume (V), temperature 
(T) can be evaluated. The gas thermometer, how- 
ever, represents a rather elaborate piece of ap- 
paratus. Only a few laboratories in the world are 
equipped with such a unit. The apparatus is used 
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mostly to calibrate secondary thermometers such 
as the resistance thermometers or thermocouples. 

Warren De Sorbo 

Cross references : Oases 


CRYSTALS AND CRYSTALLOGRAPHY 

The term “crystal” (derived from the Greek 
word meaning ice and originally applied only to 
crystals of quartz which the ancient philosophers 
believed to be congealed water) refers to the regu- 
lar polyhedral form bounded by smooth surfaces 
which is assumed by a chemical compound (or 
element) under the action of its interatomic forces, 
when passing under suitable conditions from the 
state of a liquid (melt or solution) or gas to that 
of a solid. Thus a crystal is characterized by its 
definite external form which is an important man- 
ifestation of a definite ordered internal structure — 
a fact which was proved conclusively in 1912 by 
von Laue by the diffraction of x-rays from a crys- 
tal acting as a three-dimensional grating. 

A crystal is the normal form of solid chemical 
elements, compounds and mineral species, but the 
conditions suitable for the formation of a crystal 
of ideal perfection in symmetry of form and 
smoothness of surface are rarely if ever realized. 
Many solid species may not appear to have geo- 
metrical external morphology, even though a 
definite internal lattice arrangement of atoms or 
molecules is proved by x-ray diffraction. Such a 
specimen is said to be massive , though crystalline* 
If this structure, as shown by cleavage, or by 
optical or x-ray means, is the same in all 
parallel directions through the mass, then it i» a 
single individual; but if it varies from grain to 
grain or fiber to fiber, it is a p6lycrystalline ag- 
gregate. If a definite internal repeating plan is 
lacking, and all directions in the mass are the 
same, then the solid iB amorphous , as is true 
of a glass, which is really a very highly vis- 
cous super-cooled liquid. Many substances may 
be solidified in the glassy state after fusion 
but will de vitrify or crystallize under proper 
conditions to the more stable state. The com- 
mon idea that a railroad rail or a bridge may 
fail because the metal “crystallizes”, is erroneous, 
since the structure is always a crystalline ag- 
gregate which may weaken as a result of grain 
growth and deformation. 

The importance of the crystalline state cannot 
be overestimated. The effort is being made contin- 
uously to produce single crystals of increasingly 
complex materials synthesized in life proc- 
esses. An outstanding achievement was the crys- 
tallization of the tobacco mosaic virus with the 
retention of infectivity, by Dr. Wendell Stanley, 
for which he received the Nobel Prize. The x-ray 
diffraction patterns of single crystals lead not 
only to the discovery of the regular repeating 
plan of atomic or molecular building blocks, but 
also to a revelation of the “motif” or molecular 
configuration, for example of penicillin, thereby 
leading to its synthesis in the laboratory. 

The science of Crystallography includes the de- 
scription of the observable habit or morphology 
of crystals in their various forms and of their divi- 
sion into systems and classes; of the methods of 


studying crystals, including the determination of 
the mathematical relations of their faces and the 
measurement of angles between them; a descrip- 
tion of compound or twin crystals, of irregularities 
and of aggregates; of many physical, optical, elec- 
trical and magnetic properties; and as a culminat- 
ing step the determination and quantitative de- 
scription of internal atomic structure in terms of 
electron density distributions in space. 

Thero may be u great diversity of outer form 
or “habit” of crystals of the same pure element 
or compound, but the angles of inclination be- 
tween like faces on the crystals of any species 
are essentially constant. These angles constitute 
one of the important distinguishing characteris- 
tics of a species. They arc measured by an optical 
instrument called a goniometer, from the angles 
between reflected beams of light from contiguous 
faces. The faces are arranged according to laws 
of symmetry, which permit assignment of crystals 
into systems and classes. On the basis of optical 
examination it is a matter of experience that there 
are 7 arrangements of crystallographic axes, de- 
pending upon angles between axes and unit lengths 
along axes, into triclinic, monoclinic, orthorhom- 
bic, tetragonal, hexagonal, rhomhohcdral and 
cubic systems. The symmetry operations arc mir- 
ror planes, rotation axes (1, 2, 3, 4 and 6-fohl), 
and rotation -inversion axes of which the center 
of symmetry is the most familiar special case. 
These symmetry elements, singly or in combina- 
tion around a single point in space, lead to 32 
crystal classes or point-groups, divided among 
the 7 systems. In classical crystallography these 
classes were given specific names, but they are 
now generally designated by simple symbols which’ 
help to define and describe the much finer classifi- 
cation provided by x-ray diffraction analysis in 
w r hich outer form is of minor importance. 

Optical crystallography goes considerably fur- 
ther than the observation of outer form by means 
of light. Each class of crystals will have charac- 
teristic optical properties revealed by transmitted 
or reflected light, the observation of which may 
lead to specific identification of species. First is the 
index of refraction (see Refractive Index) usually 
measured by means of a refract ometer or a micro- 
scope. All crystallized substances may be divided 
into two principal optical classes : isotropic (cubic) 
in which light has the same velocity independent 
of the vibrational directions! and anisotropic in 
which the velocity varies with the direction of 
vibrations. The latter class is|further divided into 
uniaxial crystals (tetragonal knd hexagonal) and 
biaxial crystals (orthorhomme, monoclinic and 
triclinic). In anisotropic meefla double refraction 
occurs; this permits plane, arcular or elliptical 
polarization of light by such crystals as tourmaline 
— the basic principle involved in optical instru- 
ment* such as the polarisco|je. Thus, depending 
on refractive indices, the pol&rization of light by 
crystals and the UBe of polarized light to examine 
crystals, the production of interference figures, 
the property of exhibiting different colors in dif- 
ferent crystallographic directions by transmitted 
light (pleochroism), the optical dispersion in cer- 
tain directions in crystals of white light into its 
primary colors, and other related observations 
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with light as a tool including excitation of fluores- 
cence, the science of optical cryst allography has 
developed as a powerful method of identifying 
and classifying crystals, especially with regard to 
the 7 systems. 

About 60 years ago it became evident that classi- 
fication of crystals into 32 point groups by optical 
examination was still too rough to permit an ex- 
planation of differences in many properties of 
crystals belonging to the same point group. Ac- 
count had to be taken then of internal 3-dimen- 
sional structures and symmetries. Thus was intro- 
duced the concept of the space lattice, a repeating 
plan in space, of which there are 14 distributed 
among the 7 axial systems. When appropriate 
point groups representing symmetry around a 
single point are translated to equivalent points of 
a lattice, additional microsymmetry elements are 
introduced, namely screw axes and glide planes, 
revealed only in x-ray patterns but isomorphous 
with outwardly apparent rotation axes and mirror 
planes, respectively. The classification of crystals 
can now be made in 230 space groups, the criteria 
for which are found only in x-ray diffraction pat- 
terns Diffraction Analysis). Thus 

has arisen with the aid of geometric theory the 
science of x-ray crystallography , w hich is concerned 
with the 230 ways in which atoms and molcculcB 
can be arranged in regular array in space, and with 
the final advanced step of determining from in- 
tensity data the exact, configuration of atoms 
within molecules which are acting as the “points” 
in a lattice, from an analysis of electron density 
distribution within the unit crystal cell. The x-ray 
cryst allographer builds on the information pro- 
vicIcmI by the older classical science of optical 
crystallography by means of radiation with wave 
lengths of the order of only one ten-thousandth 
those of light and therefore capable of revealing 
the ultimate architectural plan. 

Properly included under the subject of Crystal- 
lography arc also many other techniques which 
may aid in the description and prediction of be- 
havior of crystals, ns follows: (1) mechanical char- 
acteristics: cohesion, elasticity, cleavage, etch- 
figures, corrosion forms, fracture, hardness, 
tensile strength, etc.; (2) specific gravity ; (3) heat 
characteristics : fusibility, thermal conductivity, 
expansion coefficients, specific heat; (4) electrical 
characteristics: electrical conductivity and the 
distinction between conductors, semiconductors 
and insulators; electrical discharge figures, wmcIi 
nuiy identify the point-group symmetry ; frictional 
electricity; pyroelectricity (the development of 
electric charges on a crystallized body by heating) ; 
piezoelectricity (the development of charges by 
pressure or tension) ; thermoelectricity (developed 
by two unlike solids in contact to constitute a 
thermocouple); (5) magnetic characteristics: mag- 
netic permeability and paramagnetic or diamag- 
netic susceptibility — a sensitive method of in- 
dicating, for example, departures from planar 
configuration in aromatic compounds, the general 
shape of a molecule, its approximate position in 
the crystal framework, bond distribution and 
effects of substituent groups. 

George 1j. Clark 
Cross -references: X-rays , Chemical Microscopy 


CURIE, MARIE SKLODOWSKA (1867-1934) 

Marie Sklodowska was born at Warsaw in 1867 
and received her early training from her father. 
In 1891 she went to Paris to study. In Paris she 
met Pierre Curie in 1894 and they were married the 
follow ing year. Becquerel’s discovery of the radio- 
active properties of uranium was the starting 
point for an intensive study by the Curies. In 1898 
t hey announced the isolation of Polonium from the 
bismuth fraction of pitchblende. They devised an 
entirely new technique in the search for radioac- 
tive materials, based on the idea that radioac- 
tivity was an atomic property. Therefore, irre- 
spective of the chemical treatments, the active 
fraction could he recognized by specific properties, 
c.g., the ionization of the atmosphere. Using this 
approach, they succeeded in 1912 in isolating 
radium as a pure salt. The Nobel prizo in physics 
in 1903 was jointly awarded to Bacquercl, Marie 
and Pierre Curie. 

After the death of her husband, Madame Curie 
accepted his chair at the University. In 1910 she 
published the classic “Trait6 de Radioactivity”. 
In 1911 she was, once more, awarded the Nobel 
prize, this time for chemistry, “For her services to 
the advancement of chemistry, by the discovery of 
the elements radium and polonium, by the iso- 
lation of radium and the study of the nature and 
compounds of this remarkable element.”. She also 
observed the tremendous energy which radium 
gives off without apparent loss of w'eight. She was 
the lirst to postulate that radioactivity is a funda- 
mental atomic property. Her contributions form 
the basis of subsequent studies of the chemistry 
of radioactive compounds. 

Bernard Jaffe 

Cross-references: Radiation , Radium 


CUTTING FLUIDS 

A cutting fluid may be any liquid or gas used to 
cool and lubricate the cutting tool. Its ultimate 
purpose is lo reduce the unit cost of a machining 
process. In practice, most fluids arc oils, w r atcr 
solutions, or oil-in water emulsions, and their 
application is largely confined to the machining of 
metals. 

Composition. The oils are usually based on 
petroleum fractions which, alone, afford minimum 
cooling, lubrication, and rust, protection. Ele- 
mental sulfur, fatty acids, fatty oils (lard, tallow, 
sperm, rapeseed), sulfurizcd fatty oils, and any of 
a large number of chemically active sulfurizcd or 
sulfochlorinated organic compounds (extreme- 
pressure agents) may be added in various combi- 
nations to control tool pick-up, surface finish, and 
tool life. 

Commercially, oil-base fluids arc classified as 
“inactive” or “active”, depending upon their 
reactivity toward metals. Inactive oils often con- 
tain 5 to 25% fatty oil and sometimes about 1% 
fatty acid. Sulfur may also be added, but only in a 
relatively unreactivc form, such ns the reaction 
product of sulfur and unsaturated fatty oil. 

A light-colored active oil may bo prepared by 
dissolving about 1% elemental sulfur in mineral 
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oil at 180 to 260°F. Black active oils are made by 
heating 2 to 3% elemental sulfur in mineral oil at 
400-500 °F, but these usually have a strong odor. 
A more versatile product, containing 2 to 3% S 
and about 1% Cl, may be made by reacting sulfur 
monochloride with mineral oil at 400 to 500°F. 
Supplementary extreme -pressure agents (o.g. f 
chlorinated paraffin wax, sulfurized terpenes) 
may be added to these active bases. 

* ‘Soluble oils” (i.e., cutting fluids which are de- 
signed to form oil-in -water emulsions) are com- 
posed of mineral oil, emulsifying agents, and 
coupling agents. Typical emulsifying agents are 
sodium petroleum sulfonate and potassium rosin 
soap, sometimes blended to balance stability and 
economy. Naphthenic acid soaps, phenates, and 
synthetic emulsifiers may also lie used Coupling 
agents, e.g., glycols or alcohols of 100 to 200 
molecular weight, prevent gelling of the concen- 
trate and stabilize the final emulsion. Germicides, 
wetting agents, and water softeners may be 
present as well. 

Cutting fluids sold as heavy-duty soluble oils 
generally contain a fatty oil or an oil-soluble 
extreme-pressure agent or bot h, which enhance the 
load-carrying properties if the water/soluble oil 
ratio is not larger than about 10/1 in the final 
emulsion. 

Water-solution cutting fluids, also known as 
chemical-type fluids, contain little or no mineral 
oil and are primarily concentrates in water of 
aMirust agents, such as sodium nitrite and tri- 
ethanolamine. The better fluids also contain wet 
ting and load-carrying agents, which greatly aug- 
ment their performance. Germicides, buffers, and 
solubilizing agents may be included. 

Function. A cutting fluid improves the efti ■ 1 
ciency of production through mechanisms which 
depend upon its composition and thd requirements 
of the application. Classically, the mechanisms 
are listed as cooling, lubricating, and prevention 
of welding. The properly selected cutting fluid 
balances these functions, thus providing optimum 
tool life to yield a maximum production rate for a 
specified surface finish. 

Cooling is important because cutting tools lose 
their hardness rapidly above 800 to 1000°F, with 
consequent accelerated wear and mechanical 
failure of the tool point. Such temperatures may 
easily be reached when alloy steels arc cut at 
moderate to high speeds, and water-base fluids 
must then be used for adequate cooling. Oil -base 
fluids reduce friction, but this effect does not 
compensate for the superior heat transfer obtained 
with water-base fluids in high-speed cutting. 

Oil -base fluids are advantageous where surface 
roughness or tool forces must be kept to a mini- 
mum, or where seizure must be prevented. Good 
finish may be obtained with almost any fluid by 
taking very fine cuts at high speed. However, 
with chip dimensions that give economical rates of 
metal removal, surface roughness is determined 
mainly by the “built -up-edge” (particles of the 
workpiece welded to the tool point during the cut- 
ting operation). Boundary-lubrication agents (fats 
and fatty acids) and extreme-pressure agents are 
blended with mineral oil to provide the desired 


degree of antiwelding aclion without significant 
sacrifice of tool life from excessive chemical cor- 
rosion. The optimum balance of these agents will 
vary with the nature of the metal-cutting process 
and the operating conditions. 

Tool forces are important when working with 
tools of marginal strength (small taps and drills), 
marginally powered tools, or easily deflected work- 
pieces. By virtue of their lubricating properties, 
oil-base fluids containing extreme-pressure agents 
are most effective in reducing tool loads. More- 
over, they also alter the direction of the resultant 
force on the tool. The latter effect can sometimes 
be adjusted to alleviate tool vibration (chatter). 

In addition to its primary metal -cutting func- 
tions, a marketable product must provide second- 
ary service benefits and should entail only a mini- 
mum of inconvenience. Thus, cutting fluids must 
protect both machine and workpiece from rust, 
remove chips from the cutting zone, and in many 
cases they are also expected to lubricate the ex- 
posed mechanisms of the machine. Only a mini- 
mum of smoke, fog, odor, stain, or instability may 
be tolerated. Moreover, considerations of toxicity 
exclude many materials. These secondary prop- 
erties are often taken as the principal criteria for 
cutting-fluid selection because of their psycho- 
logical importance and the relative ease with 
which they are evaluated. 

Application. Each machining process (broach- 
ing, drilling, sawing, etc.) may require a different 
rombinntion of cutting-fluid properties for best 
performance. Moreover, each process may bo 
'carried out in various machines of different power 
and speed capacities, which therefore require 
slightly different cut t big-fluid properties. Further- 
more, each metal brings special problems to the 
Held. Thus, steels vary widely in machinability; 
copper alloys stain when in contact with active 
sulfur; magnesium involves fire and electrolytic- 
corrosion hazards with water-base fluids; and the 
special problems for titanium are still being 
evaluated. While there are no universal cutting 
fluids, some are less sensitive to operating vari- 
ables than others. Hence, although they do not 
provide maximum performance, they are likely to 
be more trouble-free over a wide range of appli- 
cations. 

Economics. Various estimates from current 
surveys indicate an annual United States cutting- 
fluid huIch volume of 60 to 80 million gallons, with 
double this rate during wartime; From 25 to 35% 
of the fluids used are water-basf , and about one- 
fourth of this is the solution Ar chemical type. 
Of the larger fraction (viz., oil-base fluids) about 
t wo-thirds are prcmium-qualitwheavy-duty com- 
{rounded oils and onc-third afc economy -grade 
oils. It may be expected that, with increasing use 
of carbide tools which permit hi|h cutting speeds, 
the w r ater- base/oil -base ratio uiill gradually in- 
crease. t 

If it is assumed that cutting-fluid sales parallel 
the distribution of metal -working plants, about 
one-third of the market is concentrated in Ohio, 
New York, and Illinois, with California, Pennsyl- 
vania, and Michigan each accounting for 6 to 10%. 

Oil -base fluids sell for 30 to 70 cents per gallon, 
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depending on the additive content, and water-base 
fluids sell for 40 cents to several dollars per gallon 
of concentrate before dilution. The total value of 
these products was about $30 million in 1955. 

S. J. Beaubikn 

Cross-references: Lubrication , Lubricating Oil*, 
Emulsion s 


CYCLIC COMPOUNDS, tss AUCYCLIC COMPOUNDS, 

HETEROCYCLIC COMPOUNDS 

CYTOCHEMISTRY 

The microscopic cells of which all plants and 
animals are composed are essentially similar in 
that they consist of living protoplasm and, in most 
instances, a limiting membrane. The study of the 
variations in form, function and life histories of 
many different types of cells has developed into 
the important branch of biological science known 
as cytology , which deals w r ith individual cells and 
their intrinsic characteristics. The chemical iden- 
tifications of the materials which make up the cells 
constitute that branch of cytological investigation 
known os cytochemistry. In its broadest sense cyto- 
chemistry jnHvdos the determination of the 
chemical constitution of all protoplasmic and cell 
membrane constituents at all stages of develop- 
ment, of the cell. These determinations are carried 
out at, suitable magnifications, with the least pos- 
sible damage to the structural organization of the 
cell. 

The substances identified by the earlier workers 
in the field of cytochemistry w'ere often those 
which were either most conspicuous or most abun- 
dant. The carbohydrate starch was observed to 
exist in the form of comparatively large gruins and 
to be located in special plant cell organs named 
chloroplasts and leucoplasts ; found to be a tempo 
rary storage product produced from sugar ; and 
later reconverted to sugar and translocated, from 
the cell in which it was formed, cither to growing 
regions of the plant or to organs, such as tubers, 
where it was again converted to starch for perma- 
nent storage. Proteins , important constituents of 
all protoplasm, w ? erc found to be of many types 
and to occur in varying concentrations in the nu- 
cleus and other cell organs as well as in different 
regions of the cytoplasm. Such phenomena in- 
volve chemical processes which are not fully un- 
derstood even today. This pioneer work, in its 
most elementary form, required a background of 
training in biology, physics and chemistry up**n 
the part of the investigators. The information 
which they accumulated constitutes the frame- 
work within which much of the current cytochemi- 
cal research is carried out. 

More recently starch grains have been found to 
contain only 80 to 85% “starch substance**; the 
additional components consist of such materials 
as fats, tannin, phosphates, water and even homi- 
cellulose. The main component has been further 
subdivided into mucilaginous amylopectin and 
amylose , a denser, less reactive material. The 
chemioal constituents and physical components of 


the starch grain lend themselves to cytochemical 
investigation and starches of many types are being 
studied intensively. Proteins have been shown to 
be formed by the union of amino acids such as 
tyrosine , tryptophan and phenylalanine . Numerous 
qualitative cytochemical methods for the identifi- 
cation of specific amino acidB or amino acid group- 
ings have been developed, some of the more 
common of which arc the Glycolic Reaction, 
Voisinet’s Reaction, Xanthoproteic Reaction 
and Uiurct Reaction. • 

The requirements of modern cytochemical re- 
search are rigorous. Standards of precision are far 
beyond those required in earlier cytochemical in- 
vestigations. Optical principles involved in the 
formation of images in the microscope must be 
recognized in greater detail than was required for 
the microscopical examination of fixed and stained 
materials; artifacts must bo avoided; diffusion of 
the substance under investigation from its normal 
location in the living cell must be detected and, 
if possible, prevented. Freeze-drying and special 
methods *f lixation have contributed to a more 
normal condition of the cellular materials to be 
studied. The polarizing microscope, the ultraviolet 
microscope, the fluorescence microscope, the in- 
frured microscope, the electron microscope and the 
microspectroscope now supplement the ordinary 
light microscope in obtaining cytochemical data. 
Such accessory techniques as microincincration, 
electrophoresis, chromatography, x-ray diffrac- 
tion, electron diffraction and tracer methods pro- 
vide background information which contributes 
to the accuracy of cytochomical interpretations. 

In view of the highly specialized nature of many 
of these methods of analysis, a cytochemical study 
is now frequently conducted by a group of highly 
trained specialists rather than by a single indi- 
vidual. Within the last two decades, important 
advances have been made in cellular chemistry by 
investigators such as Casperson, Linde rstr0m- 
Lang, Lison, Feulgon, Commoner and their as- 
sociates. Improved methods are now available fov 
the cytochemical determinations of such a wide 
variety of substances as nucleic acids, pigments, 
aldehydes, enzymes and bacteriophages. New in- 
formation furnishes a sound basis for more critical 
examination of past theoretical conceptions of 
such fundamental cellular processes as protein and 
carbohydrate syntheses. New cytochemical ap- 
proaches arc being developed in the fields of plant 
and animal nutrition, in the kinetics of reproduc- 
tion and in the pathogenesis of viral and bacterial 
infections and sarcomas. Many of these methods 
fail to meet the highest standards of significant 
cytochemical identifications and efforts to replace 
and improve them are constantly in progross. 
Cytochemistry is now established, however, as 
an important branch of cytology. Its fulfillment- 
in terms of one of the most dynamic methods of 
investigation in the field of biological sciences lies 
in the future. 

Wanda K. Farr 
Cross-references: Carbohydrates , Chemical Mi- 
croscopy, Proteins , Amino Acids , Protoplasm 



